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Abstra
tThe STAR experiment investigates the formation of the Quark Gluon Plasma via theheavy ion 
ollisions taking pla
e at the Relativisti
 Heavy Ion Collider (RHIC) situatedat Brookhaven National Laboratory (BNL), Upton, NY. The produ
tion of 
harmquark (in cc̄ pairs) o

urs in the early stages of the heavy ion 
ollisions dominantlyvia gluon fusion gg → cc̄. Due to the fa
t that the yield of 
harm is a�e
ted by the
onditions of the early stages of the 
ollision, the measurement of the 
harm produ
tionprovides a useful tool for des
ription of the initial stage that took pla
e. One ofthe most important �ndings of the experiments at RHIC was the dis
overy of theanomalous quen
hing of jets when passing through the hot and dense matter build innu
leus nu
leus 
ollisions. Heavy quarks (
harm C and beauty B together) measuredthrough non photoni
 ele
tron yields in heavy ion rea
tions at √
snn = 200 GeV atRHIC, exhibit a larger suppression than expe
ted from the theoreti
al 
onsiderations.In order to 
omprehend this puzzle and understand better the �avor dependen
e ofthe jet quen
hing, the separation of 
harm and beauty 
ontributions as well as themeasurement of their quen
hing is ne
essary. In the 
urrent work we investigate the

D0 yield in various datasets (Cu+Cu, Au+Au, d+Au and p+p) at √snn = 200 GeV.For the Cu+Cu and Au+Au (run VII) for whi
h the sili
on strip dete
tor of STARhas been used for data taking, a mi
rovertexing te
hnique was applied in the analysis,allowing the topologi
al re
onstru
tion of the D0 
harmed meson through its se
ondaryvertex re
onstru
tion. The Sili
on Strip Dete
tor (SSD) was �rst deployed in the year2005 during the Cu+Cu at √
snn = 200 GeV 
ollisions, allowing the enhan
ement ofthe tra
king 
apabilities by providing a 
onne
tion between re
onstru
ted tra
ks inthe TPC and SVT (Sili
on Vertex Tra
ker) points. It was observed that the dete
torloses a signi�
ant per
entage of hits of the tra
ks re
orded by the TPC. As a resultthe overall tra
king re
onstru
tion e�
ien
y drops. A novel 
luster �nder method isproposed as a te
hni
al part of this thesis by looking for 
lusters independently onthe p and n sides of the SSD. This study was performed on data taken from run VII.The new developments a
hieved in this thesis 
on
ern the su

essful appli
ation ofthe mi
rovertexing te
hniques in the heavy ion environment, the extra
tion of the D0signal in the heavy ion 
ollisions using these te
hniques through the study of e�D0
orrelations in p+p, Cu+Cu and Au+Au 
ollisions.xxv
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OutlineIn Chapter 1, (p. 1), we present a brief introdu
tion to the theory of nu
lear inter-a
tions, the theoreti
al predi
tions for the existen
e of the Quark Gluon Plasma, andthe experimental observables of heavy-ion 
ollisions. An introdu
tion to to the HeavyFlavor Physi
s is also presented, along with the theoreti
al motivation for the e�D0azimuthal 
orrelations. In the latter method expli
ation, it is also des
ribed how theexperimental disentaglement of the 
ontribution of 
harm and beauty during heavy ion
ollisions, is attained.In Chapter 2, (p. 23) we 
arry on with a des
ription of the experimental apparatus,namely the relativisti
 heavy ion 
ollider (RHIC), along with the four experimentalareas: PHOBOS, PHENIX, BRAHMS and STAR. The latter will be thoroughly pre-sented and the various subsystems along with the future upgrades will be dis
ussed aswell. A short des
ription of the Sili
on Strip Dete
tor (SSD) is also given along withits important role in the amelioration of the tra
king of STAR.In Chapter 3, (p. 61) we des
ribe the analysis methodology that is applied onto the various datasets. In parti
ular, the general appli
able event 
uts as well asthe Quality Assuran
e (QA) 
uts applied to the tra
ks, are also dis
ussed. The D0invariant mass re
onstru
tion method is presented, and the various te
hniques for theba
kground subtra
tion are also dis
ussed.In Chapter 4, (p. 83) we des
ribe the mi
rovertexing te
hnique that is applied inthe Cu+Cu and Au+Au datasets, exploiting the better tra
king 
apabilities o�ered bythe STAR Sili
on Dete
tors (SVT and SSD).In Chapter 5, (p. 97) a Monte Carlo study on the mi
rovertexing te
hnique ispresented, allowing to perform a test on the 
ode 
on
erning the fun
tionality and QA.In the �nal se
tions of the Chapter 5, a 
omparison is being presented, between data(Cu+Cu at √snn = 200 GeV) and MC having as a goal the optimization of 
uts thatwill be used for the topologi
al re
onstru
tion of the D0.Having taken into a

ount the values of the optimized mi
rovertexing 
uts extra
tedby the analysis dis
ussed in Chapter 4, the results on the Cu+Cu dataset are presentedin Chapter 6, (p. 147).We 
ontinue in Chapter 7 (p. 159) by presenting the results in the p+p datasetat √s = 200 GeV(run VI). In addition, in Chapter 8 (p. 165) we dis
uss the resultsxxvii



xxviii OUTLINEof Au+Au dataset at √snn = 200 GeV (run VII), obtained with the e�D0 
orrelationte
hnique as well as by applying the mi
rovertexing te
hnique.Finally in Chapter 9 (p. 171) we dis
uss the results in the p+p and d+Au dataset at√
s = 200 GeV of the year 2008. Con
erning the te
hni
al part of the work, in Chap-ter 10, (p. 179) it is presented a new 
luster �nder method for the Sili
on Strip Dete
tor.It is also dis
ussed the 
urrent 
luster �nder, and a 
omparison between these two meth-ods is performed. The data used for this study is from Au+Au at √snn = 200 GeV (runVII). A 
on
lusion of the work is drawn in Chapter 11 (p. 187), summarizing the resultsand the main aspe
ts of the work.



Chapter 1Theoreti
al Introdu
tionThe main fo
us of the 
urrent 
hapter is the theoreti
al introdu
tion on the nu
lear strongfor
e along with the theoreti
al predi
tions for the existen
e of the Quark-Gluon Plasma.Some elements of the observable variables that are used in the experimental nu
lear physi
sare also presented. The last paragraphs of the 
hapter are dedi
ated to the des
ription ofthe 
harm formation and its important role in the study of the heavy ion 
ollisions. In the
on
lusion of the 
hapter, it is also presented the theoreti
al motivation ba
kground for the
e�D0 azimuthal 
orrelation analysis.1.1 Quantum Chromodynami
sQuantum Chromodynami
s (QCD) is the theory that des
ribes the strong intera
tionexerted among the elementary 
onstituents of the nu
lear matter, the quarks. Thefor
e 
arriers are 
alled gluons and the fundamental aspe
t of this theory is that themediators 
an intera
t among them, resulting in 3 or 4 gluon intera
tion verti
es as 
anbe seen in Figure 1.1. It was the dis
overy of the ∆++ baryon that led to the introdu
-tion of the 
olor as a quantum number in order for the wave-fun
tion of the parti
leto be anti-symmetri
, obeying to the Fermi-Dira
 statisti
s. The spe
i�
 baryon has atotal spin of J = 3

2
and 
an be obtained by 
ombining 3 spin-up (Ju = 1

2
) u quarks.Therefore the total spin of the system hen
e 
an be written: J = 3

2
(u↑ u↑ u↑). Sin
ethe wave fun
tion was symmetri
 in spa
e, �avor and spin, the introdu
tion of 
olor,solved this problem, sin
e it was imposed that any permutation in 
olor results in ananti-symmetri
 wavefun
tion uR↑ uG↑ uB ↑.A quark (q) 
an obtain one of the three 
olors, viz. red, green and blue, (RGB).The antiparti
le, denoted by (q̄), 
an obtain the anti-
olors expressed as 
yan, magentaand yellow (or anti-red, anti-green and anti-blue R̄ḠB̄). Gluons 
arry always a pair of
olor and anti-
olor. The 
on�ned states of quarks are 
alled hadrons and are 
olorless,1
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al Introdu
tion(white) entities, 
omposed in su
h a way of quarks and anti-quarks that the overall 
olor
ontribution is naught.

Fig. 1.1: Sket
h depi
ting the intera
tion of 3 and 4 gluons, showing the ex
hange (�ow)of 
olor.
1.2 The QCD LagrangianThe Lagrangian of the QCD is written:

Lq
d = i
∑

f

q̄i
fγ

µ(Dµ)ijq
j
f −

∑

f

mf q̄
iqfi −

1

4
Gα

µνG
µν
α (1.1)with the indi
es i, j referring to the 
olor, f to the quark �avor and µ, ν are the Lorentzindi
es. Also by q we de�ne the quark spinor �eld of dimension 12 (
olor ⊗ Dira
).The 
ovariant derivative (Dµ)ij, re�e
ting the lo
al gauge invarian
e, is expressed bythe term (Dµ)ij = δij∂µ − igs

∑ λa
ij

2
Aa

µ where λa
ij are the Gell-Mann matri
es in the

SU(3) �avor representation. Finally the intera
tion between the gluons is des
ribed bythe term: Gα
µν = ∂µA

α
ν − ∂νA

α
µ + gsfabcA

b
µA

c
ν , where Aa

µ refers to the gluon �eld and
fabc are the fully anti-symmetri
, stru
ture 
onstants. As mentioned above, for ea
h Nquark �avor there exist three 
orresponding 
olors. In other words for every quark it isassigned a triplet of the SU(3) 
olor group. Unlike SU(N) �avor symmetry, the SU(3)
olor symmetry is expe
ted to be 
onserved. On the other hand the gluons 
ome in



1.3 The Running Coupling Constant 3
32 − 1 = 8 di�erent 
olors, or else said in a SU(3) 
olor o
tet :

RḠ, RB̄, GR̄, GB̄, BR̄, BḠ,
√

1

2
(RR̄−GḠ),

√

1

6
(RR̄ +GḠ− 2BB̄)Con
erning the 
olor singlet

√

1

3
(RR̄ +GḠ+BB̄)it 
annot be the mediator between the 
olor 
harges, sin
e there is no 
olor than 
anbe 
arried.1.2.1 The Color Fa
torsThe 
oupling of the intera
tion between two 
olors via a gluon ex
hange is 1

2
c1c2, with

c1 and c2 let be the 
olor 
oe�
ients in the verti
es of the intera
tion. By 
onventionthe quantity expressed in (1.2) is 
alled 
olor fa
tor.
CF ≡ 1

2
|c1c2| (1.2)1.3 The Running Coupling ConstantThe potential between the two quarks at a distan
e r 
an be written in approximationas (1.3).

V (r) = −4αs

3r
+ kr (1.3)with αs the strong 
oupling 
onstant, and k ∼ 1GeV/fm. The �rst term indi
ates therepulsion and dominates at small distan
es. The se
ond term indi
ates the attra
tionand be
omes signi�
ant at large distan
es, not allowing the separation of the quarksat this distan
e s
ale, thus talking about quark 
on�nement. The running 
oupling
onstant as depends on the Q2, the value of the momentum transfer between partons

Q2 = −(p1 + p2)
2 and is expressed by (1.4).

αs

(

Q2
)

=
αs

(

µ2
)

1 + αs(µ2)
12π

(11n− 2f) ln Q2

µ2

(1.4)Also let n be the number of 
olors (3 in the S.M.) and f be the number of �avors(6 in the S.M.), as stated in Table 1.1. The term αs(µ
2) refers to the s
reening andin spe
i�
 α(0) = 1

137
. We also note that there is no restri
tion on the value of µ,



4 1. Theoreti
al Introdu
tionas long as as(µ
2) < 1. Evolving all results to the rest energy of the Z0 boson, thenew world average of αs(MZ) is determined from measurements whi
h are based onQCD 
al
ulations in 
omplete NNLO perturbation theory, yielding the following value

αs(MZ) = 0.1183 ± 0.0027 [Bethke 03℄.

Fig. 1.2: Running 
oupling 
onstant as a fun
tion of Q. Figure is taken from [Bethke 03℄.
1.4 The Asymptoti
 FreedomAt short distan
es the strong for
e be
omes weak and this is the feature, responsible forthe asymptoti
 freedom. The 
onsequen
es of the asymptoti
 freedom are the following:i. In large energies the running 
oupling 
onstant is small, thus justi�es the use ofperturbation theory and explains the quasi partoni
 behavior of quarks and gluonsin large energy s
ale; andii. in large distan
e where the 
oupling 
onstant is not small αs ∼1, the perturbationtheory seizes to be appli
able and the infrared (IR) modes be
ome of 
ru
ial im-portan
e. Along with the 
on�nement, the spontaneous 
hiral symmetry breakingis also manifested.



1.4 The Asymptoti
 Freedom 5
Tab. 1.1: Overview of the three generations of quarks and leptons families, along with the medi-ators of all for
es, ex
ept the gravitational. By qe it is denoted the value of the ele
tri

harge of the ele
tron (qe = 1.6 · 10−19Cb). Values are taken from [Amsler 08℄.parti
le family symbol mass [MeV/c2] ele
tri
 
harge [|qe|]first generationQuarks u 1.5�4.0 +2/3

d 4.0�8.0 −1/3Leptons e− 0.511 −1
ν̄e ≤ 2.2 · 10−6 0se
ond generationQuarks c 1150�1350 +2/3
s 80�130 −1/3Leptons µ− 105.7 −1
ν̄µ ≤ 0.17 0third generationQuarks t 170900 ± 1800 +2/3
b 4100�4400 −1/3Leptons τ− 1784.1 −1
ν̄τ ≤ 15.5 0for
e gauge bosons mass [GeV/c2] ele
tri
 
harge [|qe|]Strong g (8 gluons) 0 0Ele
tromagneti
 γ (photon) 0 0Weak W± 80.3980 ± 0.0250 ±1
Z0 91.1876 ± 0.0021 0



6 1. Theoreti
al Introdu
tion1.5 The De
on�nement of QuarksThe study of the asymptoti
 freedom, 
an be attained with high energy 
ollisions. Athigh density, the quarks and the gluons 
an be de
oupled over a volume, mu
h largerthan the nu
leoni
 (∼ 1fm3).

Fig. 1.3: Phase diagram of the nu
lear matter. Heavy ion 
ollisions at RHIC are expe
ted to beof low baryon 
hemi
al potential (µB) and temperature (T ) greater than 170 MeV. Thehat
hed region indi
ates the 
urrent expe
tation for the phase boundary based on latti
eQCD 
al
ulations at µB = 0. Figure is taken from [Rajagopal 09℄.1.6 The QCD Phase DiagramThe phase diagram of the hadroni
 and partoni
 matter in terms of temperature T andbaryo-
hemi
al potential µB is presented in Figure 1.3. The hat
hed region indi
atesthe 
urrent expe
tation for the phase boundary based on latti
e QCD 
al
ulations for
µB = 0. The high temperature and the low µB region is expe
ted to be a

essible viaheavy ion 
ollisions. Colliders with various energies (LHC, RHIC, SPS, AGS, and SIS)
an rea
h di�erent regions in this phase diagram. The QGP matter that 
an be 
reatedin the laboratory is believed to have existed in the �rst few mi
ro-se
onds after the BigBang. The expe
ted high temperature and minimum baryoni
 
hemi
al potential ofthe early universe when QGP matter was 
reated is shown in the phase diagram. Theregion near the zero temperature and high µB is where the de
on�ned high-densityphase is also predi
ted to exist (i.e. in the interior of neutron stars).



1.7 The Physi
s of the Relativisti
 Heavy Ion Collisions 7Numeri
al 
al
ulations of latti
e QCD 
an be performed to 
he
k the dependen
e ofthe temperature on the energy density of the system. In a quark gluon plasma phase,due to the in
rease in the number of the degrees of freedom, it is expe
ted that there willbe a 
hange in the energy density. Su
h a dependen
e of the energy density ǫ, dividedby T 4 on T = Tc is presented in Figure 1.4. The number of the degrees of freedomrises steeply for temperatures above the 
riti
al value denoted by Tc, 
orrespondingto a transition of the system to a state where the quarks and gluons are de
on�ned(
f. Se
tion 1.5). Let us add also that the 
riti
al temperature is predi
ted to be inthe region of 150�190MeV.

Fig. 1.4: Left: The energy density (ǫ) as a fun
tion of the temperature (T ) s
aled by T 4 fromlatti
e QCD 
al
ulation. The realisti
 
ase is for N = 2 + 1 �avors. Right: The pressure(p) as a fun
tion of temperature (T ) s
aled by T 4. Note that the pressure is 
ontinu-ous in the region where there is a sharp 
hange in the energy density. Figure is takenfrom [Gyulassy 05℄.
1.7 The Physi
s of the Relativisti
 Heavy Ion Colli-sionsA

ording to the Bjorken s
enario [Bjorken 82℄, during a heavy ion 
ollision the fol-lowing phases o

ur in a 
hronologi
al order, as depi
ted in Figure 1.5. In parti
ular:i. Pre-equilibrium state (when formation of the elementary 
onstituents takes pla
e).During this phase, the nu
leons pass through ea
h other and parton-parton inter-a
tions o

ur, where a parton is de�ned as a quark or a gluon. Due to high energydensity, the released partons 
an re-s
atter multiple times, losing part of their ini-tial energy in the intera
tion region. A �reball of intera
ting quarks and gluonsexpands and the baryon 
hemi
al potential (µB) vanishes at mid-rapidity y = 0,
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al Introdu
tionwhile the forward and the ba
kwards regions, y 6= 0, are ri
h in baryons 
orre-sponding to the remnants of the 
olliding nu
lei. At this stage the s
attering ofhard partons also o

urs;ii. Chemi
al and thermal equilibrium: the nu
lear matter rea
hes equilibrium at theproper time τ0 (just before the QGP formation) through parton re-s
attering inthe medium. The energy density obtained in the 
ollisions at RHIC is above the
riti
al value, so when the intera
ting medium is thermalised, the QGP might beprodu
ed;iii. The QGP phase, evolving a

ording to the laws of hydrodynami
s;iv. The mixed phase of QGP and the Hadron Gas (HG); andv. the hadronization and freeze-out. In parti
ular, the expanding QGP 
ools downfast and qui
kly rea
hes the transition temperature. It evolves into the phase ofhadron gas, �nally rea
hing the state known as 
hemi
al freeze-out. The resultinghadroni
 gas 
ontinues to expand, 
ooling down the intera
tion rate between thehadrons. Then the system evolves to the thermal equilibrium; this state is knownas thermal freeze-out. After this moment, hadrons are able to move freely.

Fig. 1.5: Cartoon depi
ting the spa
e-time evolution of Quark Gluon Plasma.



1.8 The Quark Gluon Plasma 91.8 The Quark Gluon PlasmaHistori
ally, the term Quark-Gluon plasma was �rst proposed by Shuryak [Shuryak 78℄.Over the last 20 years many ideas have evolved and a lot of de�nitions have been pre-sented. We shall restrain to the following one: QGP 
an be a (lo
ally) thermallyequilibrated state of matter in whi
h quarks and gluons are de
on�ned from hadrons,so that 
olor degrees of freedom be
ome manifest over nu
lear, rather than merely nu-
leoni
, volumes [Adams 05℄. Some theoreti
al predi
tions for the existen
e of QGPare:i. Enhan
ement of strange parti
le produ
tion;ii. J/ψ suppression;iii. the initial temperature of the medium 
an be measured from the thermal photonsor di-leptons;iv. the jet quen
hing; andv. the restoration of the 
hiral symmetry.

Fig. 1.6: Di-jet fragment azimuthal 
orrelations in STAR experiment. In d+Au the di-jets remainunquen
hed relative to the mono jet 
orrelation observed in 
entral Au+Au 
ollisions. Allruns are at √snn = 200 GeV. It is believed that the existen
e of QGP is responsible forthe 
reation of the jet quen
hing in Au+Au 
ollisions, whereas in p+p and d+Au, no su
ha state of matter seems to be present. Figure is taken from [Adams 03℄.
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al Introdu
tion1.8.1 The Jet Quen
hingIt was predi
ted that at high momentum, partons lose energy via gluon radiation pass-ing through the dense QGP matter [Gyulassy 91℄. The latter is 
alled jet quen
hing and
an be studied using the Nu
lear Modi�
ation fa
tor, Se
tion 1.9. The manifestationof the quen
hing of jets 
an be interpreted as:i. Suppression of the yield of high-pt parti
les;ii. the ratio p̄/p 
an be also quen
hed be
ause of the di�erent energy loss in themedium of gluons and quarks; andiii. a 
orrelation of the impa
t parameter (Se
tion 1.10 of the 
ollision with the jetquen
hing yield. The phenomenon is favored in 
entral 
ollisions.In Figure 1.6 it is presented results of STAR 
ollaboration [Adams 03℄, denoting the jetquen
hing in Au+Au by the di-jet azimuthal 
orrelation. The same quantity remainsunquen
hed for the p+p and d+Au 
ollisions at √s = 200 GeV as shown in the sameplot.1.8.2 The Enhan
ement of Strange Parti
le Produ
tionProposed by J. Rafelski and B. M�uller in 1982 [Rafelski 82℄ as one of the predi
tion forthe existen
e of the QGP, is the enhan
ement of strange hadrons. In parti
ular insidethe de
on�ned QGP medium, the strange quark (s) is saturated by ss̄ pair produ
tionin gg → ss̄ and qq̄ → ss̄ (where q = u, d) rea
tions. The energy threshold for the s and
s̄ produ
tion in QGP is 300 MeV, whi
h is approximately the mass of the two quarks,yielding to the produ
tion of multi-strange baryons and strange antibaryons. Oftenthe ratio of the yield of K/π is 
onsidered as the expression in order to quantify thestrangeness enhan
ement. In other words in the QGP state the strange quarks haveto be thermalised.1.8.3 The Suppression of J/ψThe idea was introdu
ed in 1986 by Matsui and Satz [Matsui 86℄ that the 
harm quark
(c), will be Debye-s
reened from its anti-quark c̄, resulting in a J/ψ suppression. Thepotential between the quarks, as stated in Se
tion 1.3, allows the formation of cc̄, 
har-monium (J/ψ, ψ′, χc) and bb̄ states 
alled bottomonium su
h as Υ, χb, Υ′, etc.The NA50 
ollaboration [Beole 00℄, announ
ed su
h a suppression in the 
hannel
J/ψ → µ−µ+. Quantitatively the suppression of the J/ψ is measured with respe
tto the Drell-Yan muons pro
ess, where the latter pro
ess s
ales down with the numberof the binary N+N 
ollisions.



1.8 The Quark Gluon Plasma 111.8.4 PhotonsThe photons 
an be 
reated during heavy ion 
ollisions, as a result of:i. In the early stages of the 
ollisions the prompt photons initially are 
reated byparton-parton s
attering and this phase is 
ommon both in p+p and in A+A 
ol-lisions;ii. during the QGP phase, photons are emitted as a result of the quarks undergoing
ollisions with other quarks and gluons in the 
reated medium;iii. as the system expands and 
ools, the hadronization takes pla
e at a temperature
T = 150�200 MeV allowing the s
attering of light un�avored mesons su
h as the
π, ρ and ω. Also the light neutral mesons 
ontribute via the de
ays π0 → 2γ and
η → 3π0 in the spe
trum from a few MeV spanning to several GeV; andiv. �nally through the kineti
 freeze-out, the resonan
es 
ontribute mostly in the pho-ton spe
trum in the energy domain of some MeV.Dire
t photons are an interesting tool to study the possible QGP formation. They areprodu
ed in:i. q + q̄ → g + γ: quark-antiquark annihilation; andii. q + g → q + γ: quark-gluon Compton s
attering.The dire
t photons do not 
ome from hadroni
 de
ays. Theoreti
al models predi
t thatthe thermal photons should dominate the dire
t yield of photons at a low transversemomentum. As the yield of thermal photons falls o� exponentially with transversemomentum, the dire
t photons from the initial hard s
attering will dominate the spe
-trum at higher transverse momentum values. Additionally, a 
ontribution of photonsprodu
ed during parton fragmentation is observed. The measurements of thermal pho-tons 
an provide information about temperature. Measurements of the prompt photonsallow the study of the jet properties intera
ting with the medium.The produ
tion of the prompt photons is represented by the nu
lear modi�
ationfa
tor (Se
tion 1.9) with the yields of hadrons in A+A 
ollisions relative to the s
aledreferen
e measured in p+p 
ollisions. Thus dire
t photons provide a tool to 
he
k thebinary 
ollision s
aling sin
e their produ
tion is not a�e
ted by the medium produ
edin the �nal stage of the intera
tion. At RHIC energies it is possible to study dire
tphotons in Au+Au, d+Au and p+p 
ollisions. Prompt photons in p+p 
ollisionsprovide an ex
ellent test of QCD formation, while results from d+Au 
ollisions maybe used to investigate nu
lear e�e
ts.
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al Introdu
tion1.8.5 Di-leptonsAlong with photons, the study of leptons is proven to be an interesting tool in orderto dedu
e the properties of the formation of matter during heavy ion 
ollisions. Dueto the fa
t that leptons do not intera
t strongly with the medium, they exhibit asimilar behavior like photons in terms of produ
tion stages. In parti
ular, there existprompt di-leptons 
reated from the hard s
attering pro
esses, as well as thermal onesemitted from the QGP. Finally during the 
hemi
al freeze-out di-leptons are produ
edas byprodu
ts of the meson de
ays.Resonan
es su
h as ρ, φ and ω are the main sour
es for the thermal di-lepton 
re-ation below the energy domain of 1.5 GeV. Medium e�e
ts 
an broaden the width of the
ρ resonan
e. In the region≤ 2 GeV, the semileptoni
 de
ays of heavy �avor mesons andDrell-Yan pro
esses (qq̄ → l−l+) are favored, produ
ing su�
ient di-leptons. For higherenergy s
ale the di-leptons 
an also be a result of the de
ay of J/ψ, ψ′, Υ, Υ′ and Z0.

Fig. 1.7: Upper : LQCD 
al
ulations for two dynami
al quark �avors showing the 
oin
iden
eof the 
hiral symmetry restoration, marked by the rapid de
rease of 
hiral 
ondensate
〈

ψψ̄
〉 (right frame) and de
on�nement (left frame) phase transitions. Lower : The 
hiraltransition leads toward a mass degenera
y of the pion with s
alar meson masses. All plotsare as a fun
tion of the bare 
oupling strength β used in the 
al
ulations; in
reasing β
orresponds to de
reasing latti
e spa
ing and to in
reasing temperature. Figure is takenfrom [Adams 05℄.



1.9 The Nu
lear Modifi
ation Fa
tor 131.8.6 The Restoration of Chiral SymmetryThe expe
tation value 〈

ψψ̄
〉 is often 
alled quark 
ondensate and gives a des
riptionof qq̄ pairs found in the QCD va
uum. The breaking of the 
hiral symmetry, involvesthe 
on�ned quarks that do not have zero mass, but rather a few hundreds of MeV,
f. Table 1.1. At high temperature, the quark 
ondensate tends to vanish, thus talkingabout the restoration of 
hiral symmetry. The phase during whi
h neither 
on�nement,nor 
hiral symmetry breaking o

urs, is generally attributed to the presen
e of QGP.Using latti
e QCD (LQCD) 
al
ulations, in order to extra
t physi
ally relevantpredi
tions and to be extrapolated from the dis
rete 
ase to the 
ontinuum (latti
espa
ing approa
hes zero), 
hiral (a
tual 
urrent quark mass) and thermodynami
 (largevolume) limits, the de
on�nement transition may be a

ompanied by a 
hiral symmetryrestoration transition, 
f. Figure 1.7.1.9 The Nu
lear Modi�
ation Fa
torThe 
omparison of the parti
le spe
tra measured in Au+Au 
ollisions and the spe
train whi
h the QGP is not present, su
h as the d+Au and p+p systems, allows the better
omprehension of the parti
le produ
tion me
hanisms. A useful tool to a
hieve this
omparison is the nu
lear modi�
ation fa
tor as de�ned in (1.5).

Raa (pt) =
d2Naa/dptdη

(〈N
oll〉 /σpp)(d2σpp/dptdη) (1.5)The yield in nu
leus-nu
leus 
ase (A+A) is 
ontained in the numerator. The denom-inator 
ontains a 
al
ulation of the Glauber Model, as des
ribed in Se
tion 1.10. Inparti
ular, it s
ales down to the d2σpp
dptdη�for the p+p yield�and for a given 
entrality,by the number of binary 
ollisions 〈N
oll〉 in the A+A 
ase.1.10 The Glauber ModelIn the heavy ion 
ollisions the values that des
ribe the geometry of the 
ollision are:i. The mean impa
t parameter 〈b〉, whi
h is the distan
e between the 
enters of the2 nu
leons (
f. Figure 1.8);ii. the mean number of the parti
ipating nu
leons 〈Npart〉, that take part in at leastin one 
ollision;iii. the mean number of the binary 
ollisions 〈N
oll〉 sin
e a nu
leon 
an undergo morethan one 
ollision; and
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al Introdu
tioniv. the number of the nu
leon-spe
tators, i.e. the nu
leons that did not parti
ipate inthe 
ollision, (
f. Figure 1.8).Experimentally we have no dire
t information about any of the above set of variables,rather than a measurement of the emitted 
harged parti
les given by the various sub-dete
tors. The Glauber model [Glauber 59℄, is a geometri
al interpretation of the
ollision of the nu
lei, allowing the dedu
tion of the above 
ollisional variables. Inparti
ular, this model 
onsiders the 
ollision of the two nu
lei in terms of the individualintera
tions of the 
onstituent nu
leons. The following assumptions are being made:i. The nu
leons' traje
tory is a straight line and parallel to the beam axis; andii. a nu
leus-nu
leus (A+A) 
ollision is 
onsidered as a superimposition of the subse-quent nu
leon-nu
leon (N+N) 
ollisions.Furthermore the model 
onsiders aWoods-Saxon density (1.6) for the spa
e distribution
ρ(r)
h of the nu
leons:

ρ
h(r) =
ρ0

1 + e
r−rc

c

(1.6)where rc = r0 · A
1

3 . The parameters to be determined are rc and c. Con
erning the
onstant ρ0, it is 
al
ulated in that way in order to ful�ll (1.7) [Cottingham 01℄.
∫

ρ
h(r) d3
r = 4π

∫ ∞

0

ρ
h(r) r2dr = Z (1.7)As an appli
ation of (1.7), we also note that ρ0, r0 and c are 
onstants, e.g. in the 
aseof the Au nu
lei, the 
onstants are r0 = 6.38 fm, c = 0.535 fm yielding ρ0 = 0.169 fm−3.
b

b

Fig. 1.8: Left : Cartoon depi
ting a peripheral 
ollision. Right : Cartoon depi
ting a 
entral 
ol-lision. In both �gures it is also represented the z-(left) and transverse (right) pro�le ofea
h 
ollision.



1.11 The Experimental Quantities 151.11 The Experimental QuantitiesIn the experimental nu
lear and parti
le physi
s, the phase spa
e observables of parti-
les emerging from a heavy-ion 
ollision are the following:1.11.1 RapidityLet us 
onsider a parti
le with a 4-momentum given by (1.8)
pµ = (E, px, py, pz) (1.8)The rapidity y is hen
e de�ned by (1.9)
y ≡ 1

2
ln
E + pl
E − pl (1.9)where pl is the longitudinal momentum (1.10) 
omponent usually�for 
onvenien
e�
onsidered along the beam dire
tion. Also, the angle of emission is denoted by θ.

pl = p cos θ (1.10)Under a Lorentz transformation along the beam axis, the value is additive y′ = y + a,(Appendix A.1). The latter is of extreme importan
e when 
omparing 
ollider to�xed target experiments. For 
ollider experiments the 
enter of the momentum frame
oin
ides with the laboratory frame (
f. Appendix A.4).1.11.2 PseudorapidityThe purely experimental value of a parti
le's tra
k, sin
e the exa
t value of the par-ti
le mass remains unknown only until after the parti
le identi�
ation (PID) is 
alledpseudorapidity η and is being de�ned as:
η ≡ − ln tan

θ

2
(1.11)When the momentum of a parti
le be
omes 
omparable to its energy (p ≈ E), thenthe value of pseudo-rapidity is approximately equal to the value of rapidity (η → y),(
f. Appendix A.2). In the mid-rapidity region the distributions of dN/dy and dN/dηare 
orrelated with a fa
tor depending on the mass of the parti
le.



16 1. Theoreti
al Introdu
tion1.11.3 The Transverse Momentum, Energy and MassFor a parti
le with a 4-momentum as in (1.8), the transverse momentum pt is beingde�ned as
pt ≡ √

p2
x + p2

y (1.12)and is Lorentz invariant under transformations in the z-axis. Sin
e it originates fromthe 
ollision energy, it o�ers a tool for the study of the 
ollision dynami
s. In a similarway, the transverse mass is de�ned by (1.13)
m2t = m2 + p2t (1.13)Also the transverse energy Et is given by (1.14).
Et = mcpt (1.14)Finally a very useful expression is (1.15).
Et = E · sin θ (1.15)Let us also note that (1.15) will be used later for our analysis, in parti
ular it willserve to identify the towers that are above the threshold (
f. Table 3.3) in the BarrelEle
tromagneti
 Calorimeter (BEMC) as it is stated in Se
tion 2.16.1.11.4 The Energy DensityThe idea is attributed to Bjorken, that in order to explore the QGP we need to knowthe energy available (in the order of magnitude of GeV/fm3) [Bjorken 83℄. In parti
u-lar during the 
ollisions the nu
lei due to Lorentz 
ontra
tion, are for
ed to re-shapeinto dis
s, in the lab frame. The total kineti
 energy of the nu
lei, be
omes the initial
onditions for the 
reation of the medium. The energy density (ǫ), is therefore propor-tional to the transverse energy Et per rapidity unit as measured in the mid-rapidity(y = 0) of the 
enter-of-mass referen
e frame.

ǫ =
1

Aττ0
· dEt
dy

∣

∣

∣

∣

y=0

(1.16)The τ0 
orresponds to a typi
al order of magnitude of 1 fm/c, the time ne
essary for thethe hydrodynami
 evolution to be established. The Aτ 
orresponds to the transversesurfa
e where the energy was deposited. For a perfe
tly 
entral 
ollision, it 
an be usedas the surfa
e of the dis
 Aτ = π · R2.



1.12 The Physi
s of Charm 171.11.5 LuminosityThe rate R of a physi
al pro
ess with a 
ross se
tion denoted by σ, is given by the:
R = σ · L (1.17)where L stands for the luminosity, des
ribed by the formula:

L = f
N1N2

4πσxσy
(1.18)where f is the frequen
y of the 
ollisions, N1, N2 are the numbers of ions in
luded inea
h pa
ket, bun
h, of ea
h beam and the σx, σy are the Gaussian transverse pro�les ofthe beams. In Table 2.1, the values of the integrated luminosities of the RHIC for theoperating years 2000�2009 are des
ribed.1.12 The Physi
s of CharmThe produ
tion of the 
harm quark (in cc̄ pairs) o

urs in the early stages of the heavyion 
ollisions dominantly via the gluon fusion gg → cc̄ [Abelev 08℄. Due to the fa
tthat the yield of 
harm is a�e
ted by the 
onditions of the early stages of the 
ollision,the measurement of the 
harm produ
tion provides a useful tool for the des
riptionof the initial stage that took pla
e. Due to their large mass (m > 1 GeV/c2), theheavy quarks (
harm and bottom) are to be primarily produ
ed by hard s
atteringpro
esses (high momentum transfer) in the early stages of the 
ollision and, therefore,are sensitive to the initial gluon density [Lin 95℄. The produ
tion of the heavy quarkby thermal pro
esses later in the 
ollision is low sin
e the expe
ted energy available forparti
le produ
tion in the medium (∼ 0.5 GeV/c2) is smaller than the energy neededto produ
e a heavy quark pair (> 2.4 GeV/c2). The study of the energy loss of partonsin the hot and dense QCD matter 
an be performed at RHIC energies. The energyloss of a heavy quark, is expe
ted to be lower than that of the light one. This result isexplained be
ause of the suppression of the gluon radiation at small angles, a

ordingto the dead 
one e�e
t [Dokshitzer 01, Djordjevi
 05℄. The produ
tion of the J/ψ innu
lear 
ollisions is suppressed due to the Debye s
reening of the cc̄ pairs.The states of the cc̄ su
h as the χc and ψ′, as they are more disso
iated, are sup-pressed even more than the J/ψ. The energy loss of the heavy quark mesons is studiedthrough the measurements of the pt spe
tra of their de
ay ele
trons. At high pt, theme
hanism of ele
tron produ
tion is dominant enough to reliably subtra
t other sour
esof ele
trons like 
onversions from photons and π0 Dalitz de
ays. RHIC measurementsin 
entral Au+Au 
ollisions have shown that the high pt yield of ele
trons from semilep-toni
 
harm and bottom de
ays is suppressed relative to properly s
aled p+p 
ollisions,usually quanti�ed in the nu
lear modi�
ation fa
tor Raa [Abelev 07, Adare 07℄.
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Fig. 1.9: Nu
lear Modi�
ation Fa
tor Raa for the non-photoni
 ele
trons. Figure is takenfrom [Biel
ik 06℄.The nu
lear modi�
ation fa
tor (Raa), shown in 
f. Figure 1.9, exhibits an unexpe
t-edly similar amount of suppression as observed for light quark hadrons, suggesting sub-stantial energy loss of heavy quarks in the produ
ed medium. The energy loss models,in
orporating 
ontributions from 
harm C and bottom B, do not explain the observedsuppression su�
iently [Djordjevi
 06, Armesto 06℄. Although it has been realized thatthe energy loss by elasti
 parton s
attering 
ausing 
ollisional energy loss is probably of
omparable importan
e to the energy loss by gluon radiation [Wi
ks 07, van Hess 06℄,the quantitative des
ription of the suppression is still not satisfying. Furthermore, ithas been shown that the 
ollisional disso
iation of heavy meson in the medium may besigni�
ant in heavy-ion 
ollisions [Adil 07℄.However, the theoreti
al models whi
h in
lude energy loss from 
harm only des
ribethe observed suppression reasonably well [Ca

iari 05℄. The observed dis
repan
y be-tween the data and the model 
al
ulations 
ould indi
ate that the dominan
e over Dmesons starts at higher pt as expe
ted. Theoreti
al 
al
ulations implying perturbativeQCD (pQCD) have shown that the 
rossing point where bottom de
ay ele
trons startto dominate over 
harm de
ay ele
trons is largely unknown [Ca

iari 05, Vogt 08℄.Therefore, the relative 
ontributions from 
harm and bottom meson de
ays to ele
-trons have to be determined separately. In Se
tion 1.13 it is presented an experimentaldisentaglement method of the 
ontribution of the C and B.



1.13 The Azimuthal Angular Correlation Method 191.13 The Azimuthal Angular Correlation MethodIn Quantum Chromodynami
s (QCD), due to the �avor 
onservation, it is imposedthat the heavy quarks are produ
ed in quark anti-quark pairs (namely cc̄ and bb̄). Amore detailed understanding of the underlying produ
tion pro
ess may be obtainedfrom events in whi
h both heavy-quark parti
les are dete
ted. In addition, due tomomentum 
onservation, these heavy-quark anti-quarks pairs are 
orrelated in relativeazimuth (∆φ) in the transverse plane with respe
t to the 
olliding beams, leading tothe 
hara
teristi
 ba
k-to-ba
k oriented sprays of parti
les (di-jet).

Fig. 1.10: Fragmentation of a bb̄ pair (left) and of a cc̄ (right). Figures are takenfrom [Mis
hke 09a℄.We 
an 
onsider the typi
al de
ays of cc̄ and bb̄ as they are shown in Figure 1.10.This di-jet signal appears in the azimuthal 
orrelation distribution as two distin
tba
k-to-ba
k Gaussian-like peaks around ∆φ = 0 (near side) and ∆φ = π (away side),shown in Figure 1.11. The 
orrelation in their azimuthal opening angle survives thefragmentation pro
ess to a large extent in p+p 
ollisions. Studies exploiting the angular
orrelations of pairs of high pt parti
les, have su

essfully been performed in order toinvestigate on a statisti
al basis the properties of the produ
ed jets [Arsene 05℄. In the
urrent 
orrelation method, the 
harm and the bottom produ
tion events are identi�edusing the 
hara
teristi
 de
ay topology of the jets. In parti
ular, 
harm quarks (c)predominantly hadronize to D0 mesons via (1.19) while bottom quarks produ
e D0 viathe intermediate B meson de
ay as in (1.20) [Amsler 08℄.
c → D0 +X, B.R. = 56.5 ± 3.2% (1.19)
b → B−/B̄0/B̄0

s → D0 +X, B.R. = 59.6 ± 2.9% (1.20)



20 1. Theoreti
al Introdu
tionThe bran
hing ratio for 
harm and bottom quark de
ays is given in (1.21)�(1.22).
c → e+ anything, B.R. = 9.60% (1.21)
b → e+ anything, B.R. = 10.86% (1.22)While triggering on the leading ele
tron (trigger parti
le), the balan
ing heavy quark,identi�ed by the D0 meson through the hadroni
 de
ay (1.23), is used to determinethe underlying produ
tion me
hanism (probe side).
D0 → K−π+, B.R. = 3.89% (1.23)
B → D̄0 +X, B.R. = 59.60% (1.24)

Fig. 1.11: Leading order PYTHIA azimuthal 
orrelation distribution of non-photoni
 ele
trons and
D0 mesons from 
harm and bottom 
ontribution. Left : for like-sign e�K pair. Right :for unlike-sign e�K pair. Figures are taken from [Mis
hke 07℄.A 
harge sign requirement between the trigger ele
trons (e) and the de
ay kaon (K)provides a powerful tool in order to separate events originating either from a cc̄ or a bb̄fragmentation 
hannel. As an example, in Figure 1.10 it is illustrated a s
hemati
 viewof the fragmentation of a bb̄ (left) and a cc̄ pair (right), respe
tively. The 
orrespondingazimuthal 
orrelations (of the e�D0) are shown in Figure 1.11. Assuming that thetrigger lepton is an ele
tron e− 
oming from the fragmentation of a c̄ or b quark, thepartner 
harm quark has to be a c, therefore produ
ing a pair K−π+. The bottomquark on the opposite side is a b̄ whi
h produ
es K+π− pairs via the dominant de
aymode (1.24). However there is another 
hannel [Amsler 08℄, less probable as stated in(1.25) yielding adequately K−π+ pairs.

B → D0 +X, B.R. = 9.1% (1.25)
B− → D0 + e− ν̄e (1.26)



1.13 The Azimuthal Angular Correlation Method 21In addition, both semileptoni
 B de
ays (1.22) and (1.26) are expe
ted yielding ad-equately: e−K− and e+K+ pairs. As a 
onsequen
e, the ele
tron-kaon pairs withopposite 
harge sign, 
alled unlike sign (ULS), 
an prompt the identi�
ation of B de-
ays on the away-side of the azimuthal 
orrelation distribution between de
ay ele
tronsand D0 mesons. By requiring the like-sign (LS) e�K pairs, it is possible to sele
t thebottom 
ontribution on the near side and 
harm, as well as a small 
ontribution frombottom (∼ 15%) on the away side of the e�D0 
orrelation fun
tion. In Table 1.2, the
∆φ azimuthal 
orrelation between e and D0 along with the 
harge demand betweentrigger parti
le (e) and kaon 
andidate (K), along with the probe side de
ay (D0 or D̄0)and the adequate C or B 
ontribution are summarized. Requiring e�D0 
oin
iden
e inthe same event signi�
antly improves the signal to ba
kground ratio over either te
h-nique individually. Moreover, the de
ay ele
trons provide an e�
ient trigger for theheavy-quark produ
tion events. The shape of the azimuthal 
orrelation distributionallows a more di�erential 
omparison between the 
harm and bottom 
ontributionsowing to their di�erent de
ay kinemati
s.Tab. 1.2: Like Sign (LS, marked in blue) and unlike sign (ULS, in red) 
harge demand for the e�

K pairs and for various ∆φ = φe−φD0 azimuthal 
orrelations, allowing the experimentaldisentaglement of the 
ontribution of C and B fragmentation 
hannel. The trigger sidealong with the probe de
ay side for ea
h 
ase is also noted. In boldfa
e it is marked thedominant 
ontributing sour
e (fragmentation 
hannel).
∆φ :pair 0

◦

180
◦trigger probeLS: e

− bottom charm, bottom K
−π+ (D0)

e
+

K
+π− (D̄0)ULS: e

− n/a bottom, 
harm K
+π−

e
+

K
−π+
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Chapter 2Experimental Aspe
tsIn this 
hapter a des
ription of the experimental fa
ilities is given, in parti
ular the Rela-tivisti
 Heavy Ion Collider, RHIC, along with the 4 experiments. Emphasis will be put onSTAR experiment with some brief des
ription of the various sub-systems. The STAR InnerSili
on Tra
kers will be presented insisting on the Sili
on Strip Dete
tor. Also some notionsof the re
ent and future upgrades that will take pla
e in STAR experiment will be presented.The 
hapter 
on
ludes by mentioning some basi
 elements of STAR vertex re
onstru
tionsoftware.2.1 The Relativisti
 Heavy Ion ColliderThe Relativisti
 Heavy Ion Collider (RHIC) is lo
ated at Brookhaven National Lab-oratory, Upton NY. RHIC has been operational sin
e the summer of year 2000 andmeasures 1.2 km in diameter. A remarkable a
hievement in the �eld of high energynu
lear physi
s, RHIC was the �rst ma
hine ever being built with the 
apability of
olliding mixed spe
ies. RHIC 
an 
ollide ion spe
ies as light as protons and deuteronsand as heavy as Uranium at a variety of energies. RHIC 
onsists of two independenta

elerator storage rings with six intera
tion points and a system of super
ondu
tingmagnets. The a

eleration of heavy ions is a 
omplex pro
ess that unfolds in stages.Sin
e RHIC uses super
ondu
tivity (most of the RHIC 
omponents operate at temper-ature 
lose to the absolute zero, the RHIC ramp rate is relatively slow. It takes a weekto 
ool down the RHIC super
ondu
ting magnets from room to operating temperaturewhi
h is 4.2K [Harrison 03℄. Moreover, the a

elerator is not a stand-alone ma
hine,it is part of a 
omplex that in
ludes other 
omponents�ion sour
es and initial a

el-erators (Linear A

elerator (LINAC)�is used in order to a

elerate protons whetherTandem Van de Graa� a

elerators are used for heavier ions), ele
tron-stripping foils, aBooster ring, and the Alternating Gradient Syn
hrotron (AGS). Before rea
hing RHIC,23
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Fig. 2.1: Layout of the RHIC fa
ilities at Brookhaven National Laboratory. The lo
ations of STAR,PHENIX, PHOBOS and BRAHMS are 
learly seen around the RHIC ring. Figure is takenfrom [Sakuma 10℄.the atoms are ionized and a

elerated.A brief des
ription of the RHIC operation using Au atoms as an example follows:The negatively 
harged 197Au ions are produ
ed in a sour
e and a

elerated into andthrough the Tandem Van de Graa� a

elerator, whi
h has a terminal voltage of 14 MV.At the terminal the ions pass through the stripping foils, they lose their negative
harge and a
quire a positive 
harge, whi
h for gold ions is of +12 units. The ions area

elerated from the terminal to ground potential, in
reasing their energy by 168 MeV(at this point the energy of ea
h Au ion is about 1 MeV/nu
leon). As the ions exit theVan de Graa�, they are stripped further and pass into the Booster via a transfer line.In the Booster the ions are bun
hed into six bun
hes, they are a

elerated further, andas they exit the Booster, they are stripped of all ex
ept the K-shell ele
trons. Afterthis stage, the Alternating Gradient Syn
hrotron (AGS) re
eives the bun
hes fromthe Booster, and gathers the ions into bun
hes. Ea
h AGS bun
h is equivalent to sixBooster bun
hes.The next step is the a

eleration and the transportation to RHIC with energy of
8.86 GeV per nu
leon. Before entering RHIC, however, the ions are stripped of theremaining ele
trons. The bun
hes 
an then be stored and further a

elerated insideRHIC. A se
ond Tandem Van de Graa� a

elerator is available to provide a se
ondspe
ies for asymmetri
al 
ollisions(su
h as the d+Au). For the inje
tion of protons



2.2 The RHIC Experimental Areas 25the proton Linear A

elerator (LINAC) is used. For the polarized proton program,the 
hallenge is to keep the beam polarized through out the a

eleration pro
ess. Tomaintain the desired polarization, two polarimeters and one partial Siberian snake areinstalled to RHIC. From their sour
e in the LINAC, the protons are inserted into theBooster and then into the AGS. From there, at 25 GeV/parti
le, the beam is transferredto RHIC. Both the ion and proton inje
tion pro
esses are illustrated in Figure 2.1.At the end of the heavy ion inje
tion, ea
h RHIC ring holds a total of 6 × 1010parti
les. When the inje
tion is performed with the light ions, this number may beup to two orders of magnitude larger [Harrison 03℄. On
e the beams are inside theRHIC, they travel inside the two rings in opposite dire
tions. One ring is 
alled bluefor referen
e, in it the beam travels in the 
lo
kwise dire
tion as viewed from above.The other ring is often referred to as the yellow ring. In the latter 
ase the beam movesin the 
ounter-
lo
kwise dire
tion. Finally, in the pivot Table 2.1, it is summarized theruns that were taken from the beginning of the operations until today.In the near future RHIC will upgrade its aging Tandem Van de Graa� with anEle
tron Beam Ion Sour
e (EBIS) [Alessi 05℄. This sour
e and lina
 based pre-inje
tor
an produ
e all ion spe
ies up to uranium, in
luding noble gases and polarized 3He.2.2 The RHIC Experimental AreasThere are six intera
tion areas along the perimeter of RHIC. Four of these are usedfor experimental reasons, the �fth by the 
ollider-a

elerator department (C-AD), andthe sixth remains va
ant. As of today, two out of four experiment still are underthe pro
ess of data a
quisition: PHENIX (Se
tion 2.2.3) and STAR (Se
tion 2.3).Along with PHOBOS (Se
tion 2.2.1) and BRAHMS (Se
tion 2.2.2), they 
onstitutethe ensemble of the experimental fa
ilities at RHIC.2.2.1 PHOBOSNamed after the larger of the two moons of planet Mars, PHOBOS∗ experiment hasas a goal to dete
t events where QGP may have been present. The experiment wasdesigned to measure parti
les with transverse momentum pt as low as 10 MeV/c. Theexperimental apparatus, 
onsists of fast Si pad dete
tors (
overing in |η| < 5.4 as 
anbeen seen in Figure 2.2). In addition the experiment is equipped with a TOF dete
tor.The trigger is provided by the paddle 
ounters (16 s
intillation dete
tors lo
ated aroundthe beam pipe in 3.2 < η < 4.5). The PHOBOS ZDC's are identi
al to what STARexperiment is a
tually using and are des
ribed in Se
tion 2.3.3. The PHOBOS 
ol-laboration has 
arried out measurements of parti
le multipli
ity, parti
le/anti-parti
le
∗Initially the name proposal for the experiment wasMARS: Modular Array for RHIC spe
tros
opy,but was soon reje
ted.
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Tab. 2.1: Colliding nu
lei spe
ies for the di�erent RHIC runs throughout the years 2000�2009.Luminosity values are taken from [Dunlop 08a℄.run year 
olliding spe
ies beam energy integratedluminosity

[GeV/u] [pb−1]I 2000 Au+Au 27.9 < 10−965.2 20 ·10−6II 2001�2002 p+p 100.0 1.4Au+Au 258 · 10−69.8 0.4 · 10−6III 2002�2003 d+Au 100.0 73 · 10−3p+p 5.5IV 2003�2004 Au+Au 100.0 3740 · 10−6

67 · 10−6p+p 7.1V 2004�2005 Cu+Cu 11.2 0.02 · 10−6100.0 42.10 · 10−631.2 1.50 · 10−3p+p 100.0 29.5204.9 0.1VI 2006 p+p 100.0 93.331.2 1.05VII 2006�2007 Au+Au 100.0 7250 · 10−6VIII 2008�2009 d+Au 100.0 33.95 · 10−3p+p 2.5



2.2 The RHIC Experimental Areas 27ratios and 
olle
tive �ow [Ba
k 03℄. As of the year 2005, the 
ollaboration has seizedits operation [Franz 06℄.

Fig. 2.2: Left : Geometri
al a

eptan
e of PHOBOS Sili
on Dete
tors. Right : Overview of PHO-BOS experiment. Figures are taken from [Ba
k 03℄.2.2.2 BRAHMS

Fig. 2.3: Overview of BRAHMS Experiment. Figure is taken from [Adam
zyk 03℄.The Broad Range Hadron Magneti
 Spe
trometer (BRAHMS) [Adam
zyk 03℄, servesto measure the parti
le spe
tra (su
h as p±, K± and π±). The spe
i�
 experiment hastwo separate movable spe
trometer arms for the high and the low transverse momentum
pt parti
les. It 
onsists of the Forward Spe
trometer (FS) at Mid Rapidity Spe
trom-eter (MRS), as seen in Figure 2.3, situated at 2.3◦ and 90◦ with respe
t to the beamaxis. The parti
le identi�
ation (PID) is performed with the standard spe
trometer
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omponents like the Time of Flight (TOF), threshold and ring-imaging Cherenkov de-te
tors and tra
king devi
es like drift (DC) and time-proje
tion (TPC) 
hambers. TheTPC's are of standard design with 21.8 cm drift and ele
tri
 �eld of 229 V/cm using
Ar/CO2, (90:10) and STAR front-end-ele
troni
s (FEE). The DC's have 10 layers with
x, y pattern and a ±18◦ wire planes using a Ar/C4H10 (67 : 33) gas mixture with a
9 ◦C al
ool bubbler.2.2.3 PHENIXThe Pioneering High Energy Nu
lear Intera
tion experiment (PHENIX), is a 
om-pound dete
tor primarily oriented to perform ele
tromagneti
 probes. The varioussub-dete
tor systems are able to 
apture hundreds of heavy ion events per se
ond,
10 kHz [Ad
ox 03℄. The rare probes as a sign of the QGP formation, is the PHENIXphysi
s goal. The apparatus 
onsists of two large 
entral arms, positioned symmetri-
ally on equidistant sides, of the beam line. As it 
an be seen in Figure 2.4, there are

Fig. 2.4: Views of the PHENIX experiment. Left : Beam-view. Right : Side-view Figures are takenfrom [Ad
ox 03, Franz 08℄.two muon forward spe
trometers, 
overing 1.1 < |η| < 2.2. They 
onsist of a muontra
ker (
onse
utive layers of drift 
hambers) and a muon identi�er (absorber made ofsteel and layers with streamer tubes [Ad
ox 03, Franz 08℄ of Iaro

i type [Iaro

i 83℄.PHENIX possesses two 
alorimeters in PbS
 (Lead-Sili
on) and PbGl (lead-glass) as
an be seen on the left side of Figure 2.4. They serve to re
onstru
t the π0 and η neu-tral mesons. In the 
entral arms, the parti
le identi�
ation is being performed whereparti
les su
h as (e±, π with pt up to 4 GeV/c) are dete
ted using the Ring ImagingCHerenkov (RICH). For the π±, K± up to pt = 1.5 GeV/c and the p± up to 3.5 GeV/cthe Time of Flight (TOF) serves for their identi�
ation [Ad
ox 03, Franz 08℄. In addi-tion, the muon arm serves to identify the of the 
harmed parti
le J/ψ and in parti
ularits muoni
 de
ay J/ψ → µ+µ−.



2.3 STAR Overview 292.3 STAR OverviewThe Solenoidal Tra
ker at RHIC experiment, is a 
ollaboration that 
onsists of 616physi
ists from 52 institutions in 12 
ountries. An overview of the apparatus is shownin Figure 2.5. STAR experiment ex
els in measuring hadron produ
tion over a largesolid angle. It features dete
tor systems for the high pre
ision tra
king, momentumanalysis, and parti
le identi�
ation at the 
enter of mass rapidity.

Fig. 2.5: Overview of the STAR experiment. The z axis is parallel to the beam dire
tion, and at
z = 0 the TPC membrane is situated as depi
ted by the verti
al line. Figure is takenfrom [Sakuma 10℄.The major subdete
tor is the large TPC serving for tra
king and parti
le identi�
a-tion (PID) together with the 3 layer sili
on vertex tra
ker (SVT), and a single layer sili-
on strip dete
tor (SSD). The ele
tromagneti
 
alorimetry surrounds the TPC, namelythe Barrel Ele
tromagneti
 Calorimeter (BEMC), des
ribed in Se
tion 2.16. The tra
k-ing of approximately 2000 
harged parti
les per 
entral event in the TPC is performedby the appli
ation of a Kalman Filter [Liko 92℄ and Hough transform whi
h pointsthe tra
ks ba
k to the SVT/SSD, Se
tion 2.8. Finally the smaller angles are 
overedby two small forward TPC's (Se
tion 2.13) with a radial drift. In addition, the newSTAR upgrades su
h as the FGT and the HFT that will allow the improvement on themeasurement and the opening of a window to new physi
s.
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ts2.3.1 The Trigger SystemThe STAR trigger system 
onsists of the Zero Degree Calorimeter (ZDC), the CentralTrigger Barrel (CTB) and the Ele
tromagneti
 Calorimeter (EMC). The EMC 
anbe used to sele
t events with rare probes, or ele
trons from J/ψ and Υ de
ays. Thetrigger is used in order to sele
t peripheral, 
entral, or events that 
ontain high energyparti
les in A+A 
ollisions.
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Fig. 2.6: Overview of STAR Trigger System. Figure is taken from [Judd 03℄.2.3.2 The Trigger LevelsThe 3 trigger levels of STAR experiment provide a de
ision in order to 
lassify the
orresponding event. In parti
ular:i. The CTB along with ZDC form the level L0 of de
ision. The 
oin
iden
e of signalsin ZDC along with the RHIC 
lo
k, are used in order to dedu
e the exa
t timeof the bun
h 
rossing. This trigger de
ision is fast: 1.5µs. If this trigger level issatis�ed, the CTB signal is used to extra
t the multipli
ity. An event that passes
L0, triggers the response of the other dete
tors and their signal is also taken under
onsideration.ii. The level L1 
orresponds to the time that the ele
trons drift in the TPC volume.The time that this level needs is of the order of 100µs.iii. The next level of de
ision is L2 and it is used by the fast dete
tors. During thistime (10ms), the digitization of the TPC tra
ks is being performed.



2.3 STAR Overview 31iv. Finally the L3 is the online tra
k re
onstru
tion. Its total duration is 200ms. Anestimation of the vertex position is also being done during this period of time, and aparti
le identi�
ation of the high pt parti
les is being performed as well [Adler 03℄.2.3.3 The Zero Degree Calorimeter

Fig. 2.7: Left: Transverse view of the 
ollision region depi
ting the intera
tion point, the beampipe as well as the Zero Degree Calorimeter. Right : Detail of ZDC modules. Figures aretaken from [Adler 01℄.Lo
ated at a distan
e of 18 m from the origin of axis z (in both sides), as shown inFigure 2.7, the Zero Degree Calorimeters (ZDC), serve as the Minimum Bias Triggerand 
ontribute to the dedu
tion of the 
entrality in heavy ion 
ollisions [Adler 01℄.Their dimension is only 10 cm wide. In parti
ular, the dipole magnet Dx situated at
10 m serves in order to de�e
t the 
harged fragments of the beam, as shown in theupper left part of Figure 2.7. Sin
e neutrons are not a�e
ted by the presen
e of themagneti
 �eld, and due to their forward rapidities, they 
arry a large probability thatare not by produ
ts of the 
ollision. The dete
tor layout as shown in Figure 2.7, is madeof 3 modules. Ea
h module 
onsists of Tungsten absorber layers and Cherenkov �berswith a total length of 0.7 m, able to measure the energy of the neutrons emitted asfragments after ea
h 
ollision in 2.5 mrad a

eptan
e around the beam pipe [Adler 01℄.The a

umulated measured energy is proportional to the neutron multipli
ity, thusgiving a measurement of the 
ollision geometry, hen
e the dedu
tion of 
entrality. Inaddition, the same type of the ZDC modules are pla
ed in all four RHIC experimentalfa
ilities, monitoring the beam luminosity.



32 2. Experimental Aspe
ts2.3.4 The Beam Beam CountersThe STAR Beam-Beam Counters (BBC) are lo
ated at a distan
e of z = ±3.7 mfrom the 
entral TPC membrane at z = 0, outside of the pole-tip of STAR magnet.Ea
h BBC module is divided in two areas: inner and outer. The former of radiusbetween 9.6 cm to 48 cm 
overs 3.4 < |η| < 5.0, when the latter is lo
ated between
38 cm and 193 cm 
overs 2.1 < |η| < 3.6. Their main purpose is to serve as a trigger in
ollisions where the use of ZDC (
f. Se
tion 2.3.3) is impra
ti
al (e.g. in p+p 
ollisions).They 
onsist of 18 large hexagonal s
intillation tiles as shown in Figure 2.8 whi
h are
onne
ted to the Photo-Multipliers (PMT). The inner part of ea
h BBC is 
onstru
tedby small tiles made of s
intillating material and a 
oin
iden
e in at least one of the 18small inner tiles on both sides, provides a trigger for p+p 
ollisions. The BBC's 
anbe also used for vertex position determination. In parti
ular, the 
omparison of thetime of arrival between East and West, 
an determine the vertex z position. Also, letus note that large values in time of �ight are asso
iated with the passage of beam haloand the 
orresponding trigger is being reje
ted.

Fig. 2.8: S
hemati
 depi
tion of a STAR Beam-BeamCounter. The beam pipe 
an be seen depi
tedby the letter B, in the 
enter of the image. Figure is taken from [Bieser 03℄.



2.4 The Physi
s of Semi
ondu
tors 332.3.5 The Central Trigger BarrelThe Central Trigger Barrel [Bieser 03℄ surrounds the TPC Barrel and 
overs in pseudo-rapidity |η| < 1, as shown in Figure 2.5. It 
onsists of an array of 240 s
intillator slats
overing 2π in azimuth [Bieser 03℄, as shown in Figure 2.9. The signal of ea
h slat isproportional to the number of parti
les that traversed it. The CTB along with theZDC (
f. Se
tion 2.3.3) served as a qui
k method of the multipli
ity determination,without the intervention of the time-
onsuming event re
onstru
tion. It does su

eedto perform so, by 
ounting the 
harged parti
les emerging from the point of intera
tion.In parti
ular, just by using the ZDC and CTB information, e.g. minor energy depositsin the ZDC and large amount of 
ounts in the CTB, indi
ates a 
ollision with smallimpa
t parameter (
f. Se
tion 1.10) that o

urs during 
entral events. In the 
ontrary
ase, where the amount of deposit is large in the ZDC and few 
ounts are re
orded inthe CTB, the 
ollision is 
hara
terized as peripheral, therefore with a large value of theimpa
t parameter. The year 2007 was the last operational period for the CTB.

Fig. 2.9: Left : View of STAR Central Trigger Barrel that serves as a trigger. Right : Detail of theCTB module. Figures are taken from [Bieser 03℄.2.4 The Physi
s of Semi
ondu
torsAs in other solids, the ele
trons in semi
ondu
tors 
an have energies only within 
ertainbands (i.e. ranges of levels of energy) between the energy of the ground state, 
orre-sponding to ele
trons tightly bound to the atomi
 nu
lei of the material, and the freeele
tron energy, whi
h is the energy required for an ele
tron to es
ape entirely from thematerial. The energy bands 
orrespond to a large number of dis
rete quantum statesof the ele
trons. Most of the states with low energy are full, up to a parti
ular band
alled the valen
e band. Semi
ondu
tors along with insulators are distinguished frommetals be
ause the valen
e band in the semi
ondu
tor materials is nearly �lled underusual operating 
onditions. This requirement 
an 
ause more ele
trons to be availablein the 
ondu
tion band whi
h is the band immediately above the valen
e band. The
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tsease with whi
h ele
trons in a semi
ondu
tor 
an be ex
ited from the valen
e bandto the 
ondu
tion band depends on the gap between the bands, and it is the size ofthis energy band gap that serves as an arbitrary dividing line (roughly 4 eV) betweensemi
ondu
tors and insulators. Finally the gap band is the energy di�eren
e betweenthe top of the valen
e band and the bottom of the 
ondu
tion band in insulators andsemi
ondu
tors. It is possible to modify the balan
e between the ele
trons and holespopulation in a sili
on 
rystal latti
e by embedding to the 
rystal, atoms of other el-ement. This te
hnique is 
alled doping. In parti
ular, atoms with one more valen
eele
tron than sili
on 
an be used to produ
e the n-type semi
ondu
tor material, whi
hadds ele
trons to the 
ondu
tion band, resulting to the en
han
ement of the numberof ele
trons.

Fig. 2.10: Sket
h of the semi
ondu
tor energy bands.
2.5 The Semi
ondu
tor DopingOn the other hand atoms with one less valen
e ele
tron 
an be used in order to result inp-type material. In the latter type material, the number of ele
trons trapped in bondsis higher, thus e�e
tively in
reasing the number of holes. In doped material, there isalways an ex
ess of one type of 
arrier 
ompared to the abundan
e of the other. Thetype of 
arrier with the higher 
on
entration is 
alled a majority 
arrier while the lower
on
entration 
arrier is 
alled a minority 
arrier. The amount of impurity, or dopant,added to an intrinsi
 (pure) semi
ondu
tor 
an di�erentiate the level of 
ondu
tivity.Doped semi
ondu
tors are also often referred to, as extrinsi
. Let us examine the 
ase
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Fig. 2.11: Sket
h depi
ting the n (left) and p (right) doping in sili
on.of sili
on, a tetravalent element, whi
h is doped with other elements that have 3 or5 valen
e ele
trons. In this manner 
harge 
arriers in a quasi-free energy state are
reated.2.5.1 The n-dopingA pentavalent dopant is 
alled donor Figure 2.11 (left side) be
ause one of the valen
eele
trons is in a relatively loose bound state. The supplementary ionised ele
trons 
an
reate holes in every atom of the dopant. The holes not being able to move in theregion, for
e a valen
e ele
tron to migrate towards the energy state of a free ele
tron ofthe dopant material, making available energy sum of EG. Overall, the doping has twoe�e
ts. First of all it 
reates an asymmetry between the 
harge 
arrier. In the 
ase of adoping with an element V of the periodi
al table, the 
arriers are the ele
trons when atthe same time the holes are the minority. As a global e�e
t, the material 
ondu
tivityis enhan
ed.2.5.2 The p-dopingIn the 
ase of the doping using a trivalent atom Figure 2.11 (right side), an a

eptoris introdu
ed over the higher energy level of the valen
e energy band. The 
ondu
tionpro
ess is performed primarily via the holes, e.g. a valen
e ele
tron 
an 
reate a hole inthe valen
e band that is free to move. The 
ondu
tivity of the doped semi
ondu
tors isa lot more enhan
ed than that of the intrinsi
 ones. The usage of the su
h a materialfor parti
le dete
tion purposes, 
ould not have been attained, had it not been for the
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pn jun
tion presenting a relatively low 
ondu
tivity. The latter will be the topi
 ofdis
ussion of Se
tion 2.6.
2.6 The Inversed PN Jun
tion

Fig. 2.12: PN Jun
tion. Left : In forward bias. Right : In inverse bias.Let us 
onsider a n-type 
rystal, with a 
on
entration ND of atoms-donors. Alsolet us 
all NA the 
on
entration of atom-a

eptors. In this zone where, NA ≫ NDthe 
ondu
tion is performed by the holes that drift in the n region leaving the atoma

eptor �where they originate� with negative 
harge. In the same way, ele
trons
oming from a n region, will drift towards the p region, resulting in positive atomdonors. The intermediate zone p-n 
ontains no more drifting 
harges, 
f. Figure 2.12,thus 
alled spa
e 
harge region or depletion layer. The above pro
edure has as a result,the 
reation of ionized zones. In the zone of 
onta
t of n-p there are no more volatile
harges, thus 
alling it deserted. In addition, due to the separation of di�erent spe
iesof 
harges, an ele
tri
 �eld is 
reated. In the state of (thermal) equilibrium, and inthe absen
e of an external ele
tri
 �eld, there is no di�usion of holes and ele
trons.Obeying to the Fermi-Dira
 statisti
s, the 
hemi
al potential for the two zones areequal. The di�eren
e of energy levels of the EV (p-type) and EC (n-type) is around
1 eV that the external �eld has to over
ome. Therefore the appli
able voltage is of theorder of few Volts region and the deserted zone extends to a few mi
rons. In orderto augment the number of 
arriers in the sili
on, an external �eld is to be applied(potential Vpn) between the p and n regions, thus talking about inversed voltage, inthe deserted region.



2.7 The Semi
ondu
tors in Parti
le Dete
tors 372.7 The Semi
ondu
tors in Parti
le Dete
torsMaterials like Sili
on and Germanium, 
an be used in order to dete
t 
harged parti-
le. In parti
ular, when a 
harged parti
le passes through the semi
ondu
tor medium,ele
tron-hole pairs are generated Figure 2.13, whi
h later on are 
olle
ted by the ap-plied ele
tri
 �eld. Due to their density, semi
ondu
tors, o�er a greater stopping powerthan gaseous. An extra advantage of the semi
ondu
ting over the gaseous dete
tors isthat the energy for the 
reation of an ele
tron-hole pair is around 10 times smaller thanthe gas ionization [Leo 92℄, allowing an in
reased energy resolution. Ex
ept for sili
on,in general these dete
tors require 
ooling, in order to operate, to low temperature. Alsodue to their 
rystalline material stru
ture, they are severely a�e
ted by the radiationdamage, yielding in a limited long term use.
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Fig. 2.13: Cartoon of a 
harged parti
le passing through the SSD module 
reating pairs of ele
trons
(e−) and holes (h+).

2.8 The STAR Inner Sili
on Dete
torsThe Inner Sili
on Tra
king system of STAR experiment, 
onsists of the Sili
on VertexTra
ker (SVT) and the Sili
on Strip Dete
tor (SSD), as seen in Figure 2.14. Thedete
tor was in
luded in the runs for years 2004 to 2007. Both dete
tors have served thestrangeness physi
s program [Timmins 09a℄, and oriented towards the physi
s of 
harm.The alignment and the drift velo
ity 
alibrations were re-visited to see if it is possibleto perform dire
t D-meson measurement and whether the B-meson tagging is feasible.Finally, the ensemble of the sili
on dete
tors, will be substituted by one of the futureSTAR upgrades: the HFT (
f. Se
tion 2.22), keeping the SSD as the third layer.
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primary vertex

Fig. 2.14: S
hemati
 depi
tion of the Inner Sili
on Dete
tors of STAR. Left : Inside the beam 
one.Right : Beam view (xy). Figures are taken from [Suire 01℄.2.9 The Sili
on Vertex Tra
kerIn order to improve the tra
king of the low transverse momentum (pt < 150 MeV/c)parti
les and dete
tion of short-lived hadrons su
h as strange baryons and K0
S, STARexperiment is equipped with a tra
ker that sits 
lose to the beam pipe and has highresolution, 25µm for spa
e points and 500µm for a two-tra
k resolution. The Sili
onVertex Tra
ker (SVT) shown in Figure 2.14, 
onsists of three 
ylinder layers of sili
ondrift dete
tors with their inner boundaries at distan
es r = 6.37, 10.38 and 14.19 cmfrom the 
enter of the beam pipe. The SVT 
onsists of 216 p-type 6.3 × 6.3 × 280

([W [cm] × L [cm] ×H [µm]) sili
on wafers [Bellwied 03℄, distributed as follows:
1st layer: 8 ladders (4 wafers);
2nd layer: 12 ladders (6 wafers); and
3rd layer: 16 ladders (7 wafers);Ea
h dete
tor's layer is relatively thi
k (1.5X0) and the intrinsi
 spatial resolution is

σr�φ < 80µm and σz < 80µm. Ea
h wafer is divided into two halves by a 
entral
athode to minimize the drift distan
e for the ele
trons (Figure 2.15).The ele
trons drift to the nearest anode, lo
ated at opposite ends of the sili
onwafer. There are 240 anodes in ea
h drift dire
tion. The ele
tron drift speed at themaximum applied anode voltage of 1500 V (whi
h 
orresponds to a �eld of approxi-mately 500 V/cm) is 6.75µm/ns, yielding a maximum drift time of 4.5µs [Bellwied 03℄.The SVT 
ombines two prin
iple of dete
tion: semi
ondu
tivity and ionization, bothof whi
h are dis
ussed in Se
tions 2.4 and 2.11.
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Fig. 2.15: The STAR Sili
on Vertex Tra
ker. Left : Sket
h of the dete
tor in transverse view.Figure is taken from [Matis 95℄. Right : z view, installed inside the STAR beam 
one.Figure is taken from [Fisyak 07℄.2.10 The Sili
on Strip Dete
torThen main purpose of the SSD, is to provide an intermediate, non-drifting point fortra
k mat
hing between the TPC and the SVT. The Sili
on Strip Dete
tor was partiallyinstalled for Run IV, and used for the physi
s analysis Cu+Cu dataset at √
snn =

200 GeV (run V) data. It 
onsists of 20 ladders of 100.60 cm in length and radius of
23 cm, (
f. Figure 2.16), 
overing a full azimuth and |η| < 1.2. Every ladder 
onsists of16 wafers, and ea
h wafer of two sides, p and n-type. Every side of ea
h wafer has 768Si strips, resulting in a total dete
tion material surfa
e of ∼ 1 m2. The orientation ofthe strips 
an be seen in Figure 2.17. The pit
h (95µm) whi
h is the distan
e betweenthe strips, is 
hosen taking into a

ount the a

ura
y of position measurement and thenumber of the read outs 
hannels. Also the stereo-angle between the p and n-strips:is 35mrad. Finally, the intrinsi
 resolution of the dete
tor is 30µm for the transverseand 860µm in the z-dire
tion.When a minimum ionizing parti
le (MIP) traverses the 320µm of the Sili
on (Fig-ure 2.13), loses approximately 84 keV. This energy is spent in the 
reation of approx-imately 23000 ele
tron-hole pairs. The role of the SSD is to serve as an intermediateasso
iative layer between the SVT and the TPC hits. In parti
ular SSD will enhan
ethe e�
ien
y of the inner tra
king ability, allowing a more pre
ise measurement of thetra
ks emerging from the primary vertex. In addition to the above, the SSD 
an helpthe re
onstru
tion of the strange parti
les from a se
ondary vertex, su
h as K0

S, Ξ±,
Λ and Ω±. The PN inversed jun
tion, Se
tion 2.6 is used as the dete
tion modulewhi
h is kept under ele
tri
 tension of 
ouple of tenths of Volts. In Table 2.2 the
hara
teristi
s of the dete
tor are summarized.
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CONTROL BOARD
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 CARBON−FIBER LADDER

ADC
BOARD

Fig. 2.16: Left : The SSD pla
ed around the STAR beam 
one. Right : Cartoon depi
ting one SSDladder. Figure is taken from [Arnold 03℄.
Tab. 2.2: SSD 
hara
teristi
s and operation values. Values taken from [Arnold 03℄.Summary of the SSD 
hara
teristi
sRadius 23 cmLadder length 106 cmA

eptan
e |η| ≤ 1.2Numbers of ladders 20Numbers of wafers per ladder 16Total sili
on surfa
e 0.98 m2Total number of wafers 320Number of strips per side 768Number of sides per wafer 2Wafer dimensions [L×W× H℄ 73 × 40 × 15 [mm]

r�φ resolution 20µm
z resolution 740µmOperating voltage 20�50V



2.10 The Sili
on Strip Dete
tor 412.10.1 The SSD ModuleAs mentioned above, the SSD is 
omposed of 20 frame 
arbon stru
tures as shown inFigure 2.16. Ea
h one, supports 16 dete
tion modules. A module is the basi
 elementof the SSD and integrates a sili
on wafer and its front-end ele
troni
s. The Si dete
tormodule is 
omposed of:i. A double sided sili
on strip dete
tor;ii. 768 mi
ro-strips per side of the dete
tor;iii. 95 mm pit
h;iv. 35mrad stereo angle between p and n side;v. 4 cm of strip length; andvi. two hybrid 
ir
uits.

Fig. 2.17: Left : Sket
h of the SSD module. Right : Stereos
opi
 view of the p and n strip orienta-tion inside a SSD module. The beam axis (z), along with the lo
al 
oordinate system in
r�φ as well as the dimensions and the pit
h of the module, are 
learly shown. Figures aretaken from [Martin 02℄.In addition, ea
h hybrid 
ir
uit, is 
omposed of:i. One �exible 
ir
uit (made of kapton and 
opper) glued on a 
arbon �ber sti�ener;ii. 6 analog readout 
hips: a128
; andiii. 1 multi-purpose 
ontrol 
hip dedi
ated to temperature measurements, low and highvoltage monitoring 
alled 
ostar.The 
onne
tion between the strips on the dete
tor and the analog inputs of thea128
 
hips, is ensured by a tape automated bonding (TAB). This bumpless te
hnologyis based on a kapton mi
ro
able onto whi
h the 
opper strips are printed. The �exibility
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tsof the 
able allowing the folding of the hybrids 
ir
uits on top of the dete
tor in orderto make the dete
tion module very 
ompa
t. Furthermore, this 
able plays the roleof pit
h adaptor between the 95 mm pit
h of the dete
tor and the 44 mm pit
h of the
hips on the hybrid 
ir
uit. The tape is also used to 
onne
t the a128
 
hips to thehybrid 
ir
uit.SSD PulsersFor 
alibration purposes of the read out ele
troni
s, a pulser generator for every A128C
ir
uit is being used [Germain 02℄. This generator allows the inje
tion of a signal toevery pre-ampli�er allowing the simulation of a modi�able 
harge signal.2.11 Energy Loss by IonizationCharged parti
les when passing through a medium, will lose energy by ionization, thatwill be transferred to the kno
k-on ele
trons. Namely the stopping power −dE
dx

aspredi
ted by the (2.1).
− dE

dx
= Kz2Z

A

1

β2

[

1

2
ln

2mec
2β2γ2Tmax

I
− β2 − δ2

2

] (2.1)where:
z is the 
harge of the parti
le (expressed in units of qe);
Z and A are the atomi
 number and atomi
 mass of the absorber;
me is the mass of the ele
tron;
c is the speed of light in va
uo;
I is the average ionization energy of the material;
Tmax is the maximum kineti
 energy that a free ele
tron 
an obtain within an intera
-tion;
δ is a 
orre
tion based on the ele
tri
 density; and
βγ = p/mc , where p is the momentum of the parti
le and m its mass.Let us also note that (2.1) is valid for 
harged parti
les heavier than ele
trons, andlighter than atomi
 nu
lei (valid until α parti
les), be
ause of the presen
e of thesupplementary energy loss me
hanisms. The ele
tron 
ase present the bremsstrahlung,emission of ele
tromagneti
 radiation arising from s
attering in the ele
tri
 �eld of the
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leus. It is 
onsiderable for the 
ase of ele
trons and positrons, sin
e the emissionprobability varies as the inverse square of the parti
le mass [Leo 92℄. The 
ase of theatomi
 nu
lei, exhibits additional di�
ulty, sin
e the e�e
tive 
harge has to be takeninto a

ount.2.12 The Time Proje
tion Chamber

Fig. 2.18: The STAR Time Proje
tion Chamber. Left : The dimensions are 4.2 m in length (zdire
tion) and inner and outer se
tors are situated at 0.5 m and 2 m respe
tively. Right :TPC End
ap. Figures are taken from [Anderson 03℄.The main tra
king devi
e at STAR is the Time Proje
tion Chamber as it is sket
hedon the left of Figure 2.18, 
overing a full azimuth (2π) and |η| < 1.8. It serves to mea-sure the tra
k momentum by energy loss, due to the ionization of the gas. Surroundedby a uniform magneti
 �eld along the z dire
tion, the latter 
an be tuned to eitherReverse or Forward �eld depending on the orientation (−z or +z respe
tively) and toHalf or Full Field depending on the magnitude of the magneti
 �eld, 0.25 T or 0.5 Trespe
tively. The dimensions of the TPC are 4 m in diameter, 4.2 m in length 
ylinder.At distan
es z = ±210 cm the read-out pads 
over a radial distan
e r of (50, 200) [cm]from the 
enter of the beam pipe. Also the inner TPC �eld 
age is lo
ated at 50 cm.The ele
trons' drift speed is relative slow (5.45 cm/µs) and for high luminositiesthis 
an lead to pile-up events 
f. Se
tion 2.12.1, sin
e the rate of STAR is 0.1 kHz.The 
entral membrane a
ting as a 
athode is held at −28 kV when at the same timethe outer �eld 
ages are grounded thus generating an ele
tri
 �eld of 135 V/cm inthe z dire
tion. Ea
h side, is divided into 12 se
tors, as shown on the right side ofFigure 2.18, that are equivalently divided into 45 padrows, 13 on the inner subse
tor,equipped with smaller pads (2.85×11.5 [mm]) and 32 rows of larger (6.20×19.5 [mm])pads on the outer subse
tor.
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tsAs the 
harged parti
les emerging from the 
ollision point, are passing through thegas, the kno
k-on ele
trons are a

elerated towards the anodes (end
aps). Before a
tu-ally hitting the read-out board (RDO), there are Multi-Wire Proportional Chambers(MWPC) where the avalan
he takes pla
e. In parti
ular one drift ele
tron is able toprodu
e some thousands of avalan
he ele
trons, and the latter ones �nally are dete
tedfrom the RDO's, as an enhan
ed signal.For a given tra
k (represented by a helix, 
f. Appendix D.1) of a 
harged parti
le ina uniform magneti
 �eld B along z-axis, the magnitude of the transverse momentum
pt is given by the following handy formula (
f. Appendix D.3):

pt = 0.3BRq [GeV/c] (2.2)where qe is the absolute parti
le's 
harge value (expressed in units of the ele
tron
harge) and R it's radius of 
urvature in m. The magnitude of magneti
 �eld, B, isexpressed in T. The total momentum is 
al
ulated using this radius of 
urvature andthe angle that the tra
k makes with respe
t to the z-axis of the TPC. This pro
edureworks for all primary parti
les 
oming from the vertex, but for se
ondary de
ays,su
h as Λ or Ks the 
ir
le �t must be done without referen
e to the primary vertex.Energy loss in the TPC gas is a valuable tool for identifying parti
le spe
ies. It worksespe
ially well for low momentum parti
les but as the parti
le energy rises, the energyloss be
omes less mass dependent and it is hard to separate parti
les with velo
ities
v > 0.7c. STAR is designed to be able to separate pions and protons up to 1.2 GeV/c,Figure 2.19. This requires a relative dE

dx
resolution of 7%. The gas that is 
ontainedin the TPC, is a mixture of Ar and CH4 in a 90 : 10 proportion, 
alled P10, keptunder pressure of 2mbar over the atmospheri
 in order to prevent the possibility of
ontamination of the gas ingredients [Anderson 03℄. The prin
iple of dete
tion thatTPC is using is des
ribed in detail in Se
tion 2.11. Finally let us also mention thespatial resolutions for the r�φ and z 
omponentsi. σDCAxy = 600µm and σDCAz = 1200µm for the inner se
tors; andii. σDCAxy = 1200µm and σDCAz = 1600µm for the outer se
tor.2.12.1 The TPC Cluster Re
onstru
tionAfter the 
ollision takes pla
e, the ionization 
lusters are found, separately in x, y and

z 
oordinate spa
e [Anderson 03℄. The x and y positions of a hit are found by �ttinga Gaussian to the distribution of the pixel 
lusters lo
ated at a given pad. In order tomeasure the z position of a hit, one needs to know the distan
e traversed by the ele
tron
loud and the drift velo
ity at the time of drift. The drift velo
ity is 
al
ulated using
alibration data available from daily laser runs (
f. Se
tion 2.12.2), while the distan
e
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Fig. 2.19: Energy loss distribution for primary and se
ondary parti
les in the STAR TPC as afun
tion of the momentum p of the parti
le tra
k. Figure is taken from [Anderson 03℄.drifted by the ele
tron 
loud is 
al
ulated by measuring the time of arrival of theele
trons on the pad in time bu
kets and then weighting the average of these by thenumber of ele
trons 
olle
ted in ea
h bu
ket. The drift velo
ity is monitored by lasersystem with pre
ision 2 · 10−4 providing systemati
 error in z dire
tion of 400µm atthe maximum drift length (2 m) [Fisyak 07℄. On
e the tra
k is found, the total dE
dx

ofthe parti
le 
an be 
al
ulated by using all padrows that were a�e
ted by the parti
le'spassage. The length over whi
h the energy loss o

urred is 
al
ulated after taking intoa

ount the dip and the 
rossing angle whi
h are the angle between parti
le momentumand the dire
tion of the ele
tron drift, and the angle between parti
le momentum andthe read-out plane, respe
tively. Let us also note that the re
onstru
ted tra
ks are
lassi�ed into primaries and globals (
f. Appendix E) depending on whether the pointof the primary vertex was taken into a

ount 
on
erning the re
onstru
tion of thetra
k [Pruneau 03℄.Pile-UpThe slow drift speed in the TPC, leads to a low event rate 0.1 kHz for STAR as
ompared to 10 kHz for PHENIX [Franz 08℄. Pile-up o

urs when the 
ollision ratestarts to be
ome 
omparable with the ele
trons drift time in the TPC. This e�e
t
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tsleads to events from previous bun
h 
rossings being re
orded with the event from thetriggered bun
h 
rossing. In Figure 2.20 it is shown a di�erent set of 
ases of pile-up.

Fig. 2.20: Cartoon depi
ting Pile-Up events, with the vertex in blue is 
onstru
ted from the
ollision that �red the trigger, while the vertex in red is a pile-up vertex. (a): after, (b):before and (
): same bun
h 
rossing. Figure is taken from [Reed 09℄.The pile-up 
ollision for (a) o

urred after the triggered 
ollision (post-
rossing), whi
hmeans that the tra
ks asso
iated with the triggered 
ollision had already drifted awayfrom the TPC Central Membrane. In (b) the pile-up 
ollision happened before thetriggered 
ollision, so the tra
ks from that 
ollision had already started to drift downthe TPC when the trigger was �red, and in (
) shows within bu
ket pile-up, whereboth 
ollisions happen within the same bun
h 
rossing. Finally, let us mention thatthe pile-up 
onditions are manageable for high-multipli
ity events, where the primaryvertex 
an be re
onstru
ted and the tra
ks sorted out. However, in low-multipli
ity
ollisions su
h as in p+p, pile-up 
an be
ome a problem.2.12.2 The TPC Laser SystemThe STAR Physi
s program demands a 10% momentum resolution for pt = 10 GeV/c,whi
h is translated in a resolution of ∼200µm and an error in the z dire
tion not morethan 1000µm. The UV laser system of the TPC, serves in order to have an updatedimage of the TPC 
on
erning the value of the drift velo
ity and the morphology of thedete
tor [Abele 03℄. There are many fa
tors that 
an interfere, su
h as:i. Variation in drift velo
ity 
aused by gas mixture, temperature, pressure and ele
tri
�eld variation;ii. dete
tor misalignment in the magnet;iii. radial inhomogeneities of magneti
 and ele
tri
 �eld;
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e 
harge build-up due to high multipli
ity, espe
ially in Au+Au 
ollisions; andv. TPC end
ap displa
ement and in
lination.The Nd-YAG laser† of wavelength λ = 266 nm allows to simulate the passage of aMIP tra
k, by ionizing the gas' organi
 substan
es, (abundan
e in ∼p.p.b) via the twophoton pro
ess.2.13 The Forward TPC ModulesSituated at 162.75 < |z| < 256.75 cm position from the intera
tion point z0 = 0, the twoForward Time Proje
tion Chambers (FTPC) [A
kermann 03℄ provide an extension ofSTAR tra
king ability in the region of 2.5 < |η| < 4.0. As it 
an been seen in Figure 2.21ea
h module presents a 
ylindri
al symmetry around the z axis. The length of ea
hdete
tor is 120 cm and its diameter is 75 cm. The drift region is extended up to 23 cm.

Fig. 2.21: Perspe
tive of STAR FTPC. Figure is taken from [A
kermann 03℄.Although the prin
iple of dete
tion is similar to the TPC, as des
ribed in Se
-tion 2.11, there is a di�eren
e between the two dete
tors. In parti
ular the driftvelo
ity of the ele
trons in the FTPC is perpendi
ular to the STAR magneti
 �eld,sin
e in FTPC ~E ⊥ ~B, where in TPC ~E ‖ ~B. The radial drift 
on�guration was
hosen to improve the two-tra
k separation in the region 
lose to the beam pipe wherethe parti
le density is highest. The radial drift �eld as well as the readout 
hambersare mounted on the outer 
ylindri
al surfa
e. The FTPC is 
apable to re
onstru
tall 
harged tra
ks (∼1000) traversing the dete
tor in a 
entral Au+Au 
ollision. The
†neodymium-doped yttrium aluminium garnet Nd: Y3Al5O12
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tssele
tion of the FTPC gas was done taking under 
onsideration the low 
oe�
ient ofdi�usion for the ele
trons. The mixture of Ar/CO2 was �nally 
hosen [A
kermann 03℄in 50:50 proportion.2.14 The STAR CalorimetryThe ensemble of the Barrel (BEMC) along with the End
ap Ele
tromagneti
 Calorime-ter (EEMC), 
onsist the main system that perform the 
alorimetry in STAR. TheBEMC is e�e
tively used to identify ele
trons, in
luding single ele
trons as a resultfrom heavy quark de
ay, neutral pions π0 and photons γ [van Buren 08℄.

Fig. 2.22: Left : Photo of STAR End
ap Ele
tromagneti
 Calorimeter inside the STAR experi-mental hall. Right : The half part of the total 720 towers. The towers are proje
tive,with edges aligned with the 
enter of the beam interse
tion region, 2.7 m distant alongthe z-axis from the EEMC front fa
e. Towers span ∆φ = 0.1 in azimuthal angle,and varying size in pseudorapidity ∆η = [0.057, 0.099]. Ea
h tower has 23 layers oflead/stainless steel absorber interleaved with 24 layers of plasti
 s
intillator. Figures aretaken from [Allgower 03℄.2.15 The End
ap Ele
tromagneti
 CalorimeterThe greatest demand for su
h forward 
alorimetry arises from the program of exper-iments to be 
arried out with 
olliding polarized proton beams at RHIC. One of the
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 Calorimeter 49most important goals of this program is to determine the heli
ity preferen
e for glu-ons ∆g(x) inside the polarized proton, as a fun
tion of the fra
tion xg of the proton'smomentum 
arried by the gluon, and to 
onstrain strongly the net gluon 
ontributionto the proton's spin, given by the integral of this quantity over xg [Allgower 03℄. Thegluon polarization 
an be probed in quark-gluon Compton s
attering, by the longitu-dinal spin 
orrelations, the di�eren
e divided by the sum of 
ross se
tions for equalversus opposite beam heli
ities�for dire
t photon produ
tion at transverse momentumtransfers pt ≥ 10 GeV/c. The End
ap Ele
tromagneti
 Calorimeter [Allgower 03℄ 
ov-ers 1 < η < 2, as 
an be also seen in Figure 2.5. It in
ludes a s
intillating-strip showermaximum dete
tor in order to provide π0/γ dis
rimination and preshower and post-shower layers in order to provide the separation between ele
trons and 
harged hadrons.At the energies of interest, the most probable lab-frame opening angle between the twophotons φγγ
min = 2 sin−1 m

π0

E
π0


an be as small as 10mrad [Bland 99℄.The 
hoi
e of a traditional Pb/plasti
 s
intillator for the EEMC towers shares thesame te
hnology with the ones of the BEMC. Let us also note that due to the fo
us onp+p analyses rather than A+A, the demand on tower segmentation is less 
onstrainedwhen 
ompared to the STAR BEMC (Se
tion 2.16). The mesons are produ
ed viasigni�
antly larger 
ross se
tions than the dire
t photons, as a part of the fragmentationof hard-s
attered quarks and gluons. It is therefore essential for the EEMC to have aShower Maximum Dete
tor (ESMD), to further distinguish single photons from photonpairs. Pla
ed at about 5 radiation lengths (X0) inside the EEMC, the SMD is a spe
ially
on�gured layer designed to provide the �ne granularity 
ru
ial to distinguishing thetransverse shower pro�les 
hara
teristi
 of single photons vs. the 
lose-lying photonpairs, organized into orthogonal u and v planes. The a
tive material of the ESMD isthe plasti
 s
intillator. Su
h a design and similar te
hniques have been developed bythe DØ 
ollaboration [Adams 96℄ for use as a tra
king preshower dete
tor. The SMDis made of extruded polystyrene based s
intillator strips. Finally the energy resolutionis given by (2.3).
σE

E
≤ 12

√

E [GeV]
+ 2 [%] (2.3)2.15.1 The End
ap Pre Shower Dete
torThere are two preshower and one postshower readouts from the layers of the end
aptowers. The 
alibration is a
hieved by using the MIP signals.2.16 The Barrel Ele
tromagneti
 CalorimeterThe Barrel Ele
tromagneti
 Calorimeter [Beddo 03℄ is lo
ated inside the magnet and
overs a full azimuth and |η| ≤ 1 mat
hing the TPC a

eptan
e. The 
alorimeter is
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tsdivided into two barrels 
overing −1 ≤ η ≤ 0 (East) and 0 ≤ η ≤ +1 (West). Inner andouter radii are 223 cm and 263 cm, respe
tively. The length of the dete
tor is 293 cmalong the z-axis. Every barrel is segmented in azimuth, in 60 modules, ea
h module isof approximately 26 cm wide and 
overs 6◦, as shown in Figure 2.23.

Fig. 2.23: STAR Barrel Ele
tromagneti
 Calorimeter. Left : Transverse view. Right : z view.Figures are taken from [Beddo 03℄.The modules are grouped then into 40 proje
tive towers of Pb-s
intillator modules.A detail of the BEMC module 
an be shown in Figure 2.24. Ea
h tower is 
overing anarea of ∆η × ∆φ = 0.05 × 0.05, yielding a total number of 2400 towers for ea
h halfbarrel. The tower is 
onstru
ted of two sta
ks, inner and outer. The inner 
onsists ofa 5 layers of lead (Pb) and 5 layers of s
intillator, sandwi
hed together and the outersta
k of 15 layers of lead and 16 layers of s
intillator. Ea
h layer is 5 mm in thi
kness.Finally, the energy resolution of the dete
tor is given by (2.4).
σE

E
=

16%
√

E [GeV]
(2.4)Additionally, between the inner and the outer se
tor the Shower Maximum Dete
tor(SMD), is being pla
ed at a 5X0 depth. The latter dete
tor is dis
ussed thoroughly inSe
tion 2.16.2.2.16.1 The Barrel Pre Shower Dete
torThe Pre Shower Dete
tor (PSD) 
ontains the �rst and se
ond s
intillating layers ofea
h 
alorimeter module. A separate read-out is being used, with the use of two Wave
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Fig. 2.24: Detail of the BEMC dete
tion module. Figure is taken from [Sakuma 10℄.Length Shifting (WLS) �bers, illuminating a single pixel of the multi-anode PMT. Intotal of 300 16-pixel multi-anode PMT's are used to provide the 4800 tower preshowersignals. The main purpose of this dete
tor is to provide a photon versus ele
tron versushadron shower identi�
ation.2.16.2 The Barrel Shower Maximum Dete
tor

Fig. 2.25: The STAR Shower Maximum Dete
tor. Figure is taken from [Beddo 03℄.
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tsThe Shower Maximum Dete
tor (SMD) is a multi-wire proportional 
ounter withstrip readout. Lo
ated after the BEMC, it 
overs |η| ≤ 1 and has 5.6X0 at η = 0and in
reases to 7.9X0 near the edges, η → 1, as 
an be seen in Figure 2.24. It servesto improve the spatial resolution of the 
alorimeter, and to separate the γ showers
oming from high-pt neutral meson de
ays su
h as π0 and η. The energy resolution ofthe dete
tor is given by (2.5).
σE

E

∣

∣

∣

η
= 12 +

86
√

E [GeV]
[%] (2.5)In the φ plane the energy resolution is worsened by 3�4%. The dete
tor 
onsists of twoplanes: η (front plane) and φ (ba
k plane), with spatial resolutions stated in (2.6) and(2.7).

σr�φ = 2.4 +
5.6

√

E [GeV]
[mm] (2.6)

σz = 3.2 +
5.8

√

E [GeV]
[mm] (2.7)All values in (2.5)�(2.7) are taken from [Beddo 03℄, and a sket
h of the SMD layerbehind the EMC, 
an be seen in Figure 2.25.2.17 The Forward Meson Spe
trometerIn the 
ontext of the upgraded forward instrumentation in STAR, the FMS serves tomeasure in large η (forward rapidity) the neutral pions π0. The ultimate goal is themeasurement of the gluon distribution xg(x), in nu
lei in the range of 0.001 < x < 0.1.Let us also note that the fun
tion g(x) des
ribes the di�erential probability to �ndgluons with a fra
tion x of the longitudinal momentum of the parent nu
leon.The FMS dete
tor is a 2 m × 2 m wall of 1264 lead glass dete
tors, as shown inFigure 2.26, penetrated through its 
enter by the va
uum pipe traversed by the beamsbefore they 
ollide at the 
enter of STAR. In order to maximize the ability to distinguishsingle photons from pairs of photons produ
ed by π0 or η de
ay, the FMS dete
tor islo
ated as far from the intera
tion point as possible, ultimately limited by the lo
ationof the DX magnet 
f. Se
tion 2.3.4, west of the STAR intera
tion point.The FMS fa
es the blue beam (
f. Se
tion 2.1), and re
onstru
ts parti
les produ
edat small angles (∼ 2.5 < η < 4.0) via the dete
tion of their de
ay photons. Thelatter ones are viewed through the large holes in the poletips of the STAR magnet.Let us also underline the importan
e of the 
onstru
tion of the FMS at STAR beinga partial realization of the long-sought full-a

eptan
e 
ollider dete
tor. In parti
ularthe STAR barrel EMC spans |η| < 1.0, the End
ap EMC spans 1.08 < η < 2.0 and�nally the FMS spans 2.5 < η < 4.0, all with full azimuthal a

eptan
e, albeit withsmall a

eptan
e gaps [Bland 05℄.
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Fig. 2.26: Left : S
hemati
 view of STAR forward meson spe
trometer as seen from the intera
tionpoint. The blue beam penetrates into the page at the 
enter of the matri
es. Right : Thenorth half of the FMS after sta
king was 
ompleted, before the monitoring panels wereput in pla
e and before the 
alorimeter was sealed. Figures are taken from [Ja
obs 09℄.2.18 The Forward GEM Tra
kerThe STAR 
ollaboration is preparing a tra
king dete
tor upgrade to further investigatefundamental properties of the new state of strongly intera
ting matter produ
ed inrelativisti
 heavy ion 
ollisions at RHIC and to provide fundamental studies of theproton spin stru
ture and dynami
s in high energy polarized p+p 
ollisions at RHIC.In this 
ontext, the 
urrent proposal is one 
omponent of the upgrade program, 
alledthe Forward GEM (Gas Ele
tron Multiplier) Tra
ker (FGT). The goal of the dete
tor,is to fo
us on the novel spin physi
s measurements in high-energy polarized proton-proton 
ollisions [Surrow 07℄. The dis
rimination of ū + d(d̄ + u) quark 
ombinationsrequires the ability to dis
riminate between high-pt e± through their opposite 
hargesign, whi
h in turn requires pre
ise tra
king information.An upgrade of the STAR forward tra
king system is needed to provide the requiredtra
king pre
ision for 
harge sign dis
rimination, shown in Figure 2.27. This upgradewill 
onsist of six triple-GEM dete
tors with two dimensional readout arranged indisks along the beam axis z, referred to as the Forward GEM Tra
ker. The 
harge-signdis
rimination of high-pt e± to distinguish W± bosons in the range 1 < η < 2 willbe based on the use of a beam line 
onstraint, pre
ise hit information from the sixtriple-GEM disks, hits from the TPC, and the ele
tromagneti
 
luster data from theshower-maximum dete
tor of the STAR EEMC. Information from the already installeddete
tors (in the absen
e of FGT) is insu�
ient.The prin
iple of dete
tion is that 
harged parti
les ionize gas in the top dete
torvolume of a triple-GEM dete
tor and some of the primary ions generate se
ondaryionization. Di�usion smears the 
harge 
loud transversely until it rea
hes the �rst
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Fig. 2.27: Left : 3D-view of the FGT as modeled by the me
hani
al engineering design tool 
alledSolidWorks. Right : 3D-view of the STAR inner and forward tra
king region as imple-mented in the GEANT model of the STAR dete
tor (STARSIM). Figures are takenfrom [Surrow 07℄.GEM foil. As a 
onsequen
e, the 
harge 
loud follows the ele
tri
 �eld lines and itsposition gets quantized on the hexagonal grid holes in the GEM foil and further di�used.As a �nal step, the ampli�ed 
harge 
loud passes the third GEM foil and is 
olle
tedby a handful of strips in ea
h plane.2.19 The Time of Flight Dete
torThe parti
le identi�
ation at mid-rapidity is a

omplished by several te
hniques butone of the most powerful is the measurement of the parti
les' energy loss (dE
dx
) in theTPC gas. This te
hnique works extremely well at momenta below the 1 GeV/c but issubje
t to ambiguous identi�
ation of pions, kaons, and protons above this value. Theseambiguities 
an be resolved by measuring the time of �ight (TOF) of the parti
les fromthe vertex to the outer radius of the TPC. The new TOF modules will be lo
ated at theouter radius of the TPC. The te
hnology for the upgrade is relatively new [Bonner 03℄sin
e ea
h module will use multi-resistive plate 
hambers (MRPC).The TOF system will perform measurements with a time pre
ision of 85 ps, or inother words, it will double the momentum range over whi
h parti
les 
an be dire
tlyidenti�ed in STAR. In parti
ular by 
ombining the momentum p as measured in theTPC and the velo
ity β (measured by TOF).

m = p

√

1

β2
− 1 (2.8)The β in the TOF is measured a

ording to (2.9), by measuring the time interval

∆t the time the parti
le 
rosses the spa
e interval ∆L. For this reason, the p-VPD(Se
tion 2.21) is used to trigger the initial time measurement.
β =

∆L

c∆t
(2.9)
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Fig. 2.28: Left : Detail of the MRPC that are used in the STAR Time of Flight dete
tor. Fig-ure is taken from [Bonner 03℄. Right : Sket
h of the STAR Muon Teles
ope Dete
tor.Figures are taken from [Lin 09℄.Con
erning the D meson produ
tion, at moderate pt, parti
le identi�
ation of thedaughter K and π is possible, although these are separated by large gaps in rapidityand azimuthal angle (φ). As a 
onsequen
e, the large a

eptan
e of the proposed barrelTOF is essential to measure the D0 → K−π+ de
ay, sin
e the de
ay kinemati
s of the
D meson, 
an be fully re
onstru
ted. The 
ombinatorial ba
kground for the K−π+
andidates 
an be redu
ed, by a fa
tor of 3 be
ause of the identi�
ation of the de
aydaughters. It is 
al
ulated that in 
entral Au+Au 
ollisions the error is approximately
15% [Bonner 04℄.The MRPC is basi
ally a sta
k of resistive plates arranged in parallel. The useof the resistive plates is applied in order to quen
h the streamers so that they donot initiate a spark breakdown [Bonner 03℄. The intermediate plates 
reate a seriesof gas gaps. Ele
trodes are applied to the outer surfa
es of the two outer plates anda strong ele
tri
 �eld is generated in ea
h subgap by applying a high voltage a
rossthese external ele
trodes. All the internal plates are ele
tri
ally �oating; they initiallytake the voltage as de�ned by ele
trostati
s, but are kept at the 
orre
t voltage by the�ow of ele
trons and ions produ
ed in the gas by avalan
hes. When a 
harged parti
lepasses through the 
hamber, it generates avalan
hes in the gas gaps. Sin
e the platesare resistive they are transparent to the signal indu
ed by avalan
hes, thus a signalindu
ed in the pi
kup pad is the sum of signals from all the gas gaps.The series of 
hambers have glass resistive plates with a resistivity of 5×1012 [Ω·cm].The dimensions of the 
urrent module are 94 mm × 212 mm × 12 mm and the a
tivearea is 61 mm × 200 mm. The devi
es are operated in avalan
he mode, with a non-�ammable gas mixture whi
h 
ontains 90 % of tetra-�uoroethane (C2H2F4), 5 % ofiso-butane (C4H10) and 5% of sulfur hexa�uoride (SF6). Ea
h module is pla
ed into
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tstrays, (
f. Figure 2.28) and one tray 
an hold up to 32 modules. The dimensions of thetray are 241× 21.6× 8.9 (L×W ×H [cm]). Around 120 trays are needed in order forthe full azimuthal 
overage to be attained.
2.20 The Muon Teles
ope Dete
torAt almost twi
e the radius of the new TOF system, it will be installed a new muonidenti�
ation system that will allow the tra
king and the identi�
ation of the de
ayof heavy �avor ve
tor mesons at mid-rapidity. The proposed large-area MTD 
oversmore than 50% azimuthal and |η| < 0.8 
overage behind the return iron bars for themagneti
 �eld, as shown in Figure 2.28 (left side). This 
apability will be new andunique at RHIC. The essential te
hnology will be the pla
ement of double-sta
kedMRPC modules outside of the magnet iron that surrounds the TPC.The signal from these dete
tors will be used to tag muons primarily 
oming fromthe 
ollision vertex. Muons 
an easily penetrate the magnet iron, whereas the moreabundant pions from the 
ollision will either be stopped or 
reate showers in the iron.Only at high transverse momentum (pt ≥ 10 GeV/c) 
an a signi�
ant fra
tion of pionspenetrate the steel or 
reate a shower that rea
hes the MRPC modules. The showersdue to pions, 
an be reje
ted by pre
ise timing measurements and good position reso-lution determined by the MRPC strips. In order to a
hieve even greater dis
riminationbetween the µ and π sample, a 
orrelation of the parti
le's tra
k in the TPC will beperformed as well.The shape of the tra
k (perhaps in
luding a de
ay kink) along with the energy loss(dE

dx
) (in the TPC) of the tra
k provide pre
ious information about the tra
k identity.In parti
ular, the Monte Carlo simulations have suggested that muons and pions 
anbe identi�ed with a high reliability using the dE

dx
information. The latter statement 
anbe interpreted that by performing a simple analysis pro
edure, it 
an be a
hieved a

µ/π separation by a fa
tor of 200. Along with the TOF dete
tor (
f. Se
tion 2.19), thereje
tion of all kaons and protons 
an be also performed. With this kind of dis
rim-ination, a very a
tive program of the muon measurement in order to re
onstru
t the
J/ψ and Υ at mid-rapidity 
an be pursued. Sin
e muons, due to their mass, are lessa�e
ted than ele
trons�by the Bremsstrahlung radiation energy loss in the dete
tormaterials�they 
an provide ex
ellent mass resolution of the ve
tor mesons (JP = 1−)and quarkonia. The latter is essential for the separation of the ground state (1S) of Υfrom its ex
ited ones: (2S + 3S) [Ruan 08℄.
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Fig. 2.29: Left : Detail of the STAR Vertex Position Dete
tor Right : Position of TOFp in STARdete
tor and pVPD along the beam axis. Figures are taken from [Bonner 03℄.2.21 The Pseudo-Vertex Position Dete
torsThe pVPD 
onsists of the two identi
al dete
tor assemblies shown in Figure 2.29 oneon ea
h side of STAR very 
lose to the beam pipe at a distan
e of |z| = 5.6 m from the
enter of STAR (z0). The pseudorapidity 
overage is 4.43 < |η| < 4.94. The mountingstru
ture 
onsists of an aluminum base plate, two 1-thi
k ma
hined Delrin fa
e plates,and three welded aluminum rails, onto whi
h dete
tor elements are atta
hed using pipe
lamps. The base plate of the mounting stru
ture 
lamps onto the aluminum. Theon-dete
tor ele
troni
s for the pVPD are the same as those used in the TOFp tray(Se
tion 2.19. Finally, the pVPD signals travel over a similar signal path as for TOFp,and are digitized in the same CAMAC 
rate.The spe
i�
 dete
tor is able to dete
t photons, generated during the 
ollision andestablish a t0 (initial time measurement for the TOF. In parti
ular, photons 
reateele
tromagneti
 showers in the Pb, that develop in the s
intillator 
reating photons.The latter ones are �nally are gathered in the PMT's where via the photoele
tri
 e�e
t,ele
trons are being 
reated. Due to the presen
e of the ele
tri
 �eld, the ele
tronsare fo
used by ele
trodes and oriented towards the dynodes, where the population ofele
trons is enhan
ed by the pro
ess of se
ondary emission.2.22 The Heavy Flavor Tra
kerIn order to extend STAR's parti
le identi�
ation 
apabilities further into the heavy�avor domain, there will be installed several layers of high resolution sili
on tra
kersstarting with a pixel dete
tor at 2.5 cm radius from the 
ollision point. The full suiteof dete
tors will be 
alled the Heavy Flavor Tra
ker (HFT) [Xu 08b℄. The proposed
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on�guration starts with two tra
king layers of 
omprised monolithi
 CMOS (Comple-mentary Metal Oxide Semi
ondu
tor) pixel arrays using 30 × 30 [mm] square pixels.The pixel layers will be situated at radii of 2.5 cm and 7.0 cm, respe
tively. Theyprovide 135 pixels of information for every event studied.
Fig. 2.30: The STAR Heavy Flavor Tra
ker. The �rst layer is the pixel dete
tor and the se
ondis the IST. The third is the SSD. Left : Beam view. Right : 3D view. Figures are takenfrom [Xu 08b℄.In order to provide graded resolution between the TPC and the pixel layers, twoadditional high rate 
onventional sili
on barrel layers are proposed at intermediate radiiof 12 cm and 17 cm. These Intermediate Strip Tra
ker (IST) layers provide spa
e-pointswith high a

ura
y in r�φ and in the z dire
tion between the Pixel layers and the ex-isting Sili
on Strip Dete
tor (SSD) 
f. Se
tion 2.10, redu
ing the number of possibletra
k 
ombinations that 
an 
onne
t with hits on the outer layer of the pixel dete
tors.This is parti
ularly 
ru
ial to enable a

urate measurements in high multipli
ity envi-ronments. The HFT 
an provide tra
king information for short lived parti
le de
aysdispla
ed by 100µm, or less, from the intera
tion point.As an example, the neutral meson de
ay D0 → K−π+ 
an be identi�ed dire
tlyby using the pixel dete
tor to sele
t the daughter tra
ks: K− and π+ tra
ks whilethe fast moving D0 
annot be seen be
ause it is a neutral parti
le, leaving no tra
kin the dete
tor. When 
ombined with the existing STAR TPC and SSD, the HFT
onstitutes an integrated state-of-the-art at mid-rapidity inner tra
king system whi
his unique at RHIC. This tra
king system will signi�
antly extend the rea
h of the STARs
ienti�
 program. In parti
ular it will a�ord e�
ient topologi
al re
onstru
tion of DandB mesons down to low transverse momenta (e.g. forD's at 500 MeV/c) illuminatingtheir in-medium intera
tions and the properties of the strongly intera
ting quark-gluonplasma.2.23 The DAQ1000The STAR data a
quisition is a fast and �exible system, re
eiving data from multiplesub-dete
tors having a wide range of readout rates. Currently the events are re
ordedat input rates up to 100 Hz. In order to a
quire data at even higher rates, there has



2.24 The PPV and the MinuitVF Method 59to be designed a new set of ele
troni
s for the TPC. The new system, was inauguratedin 2008 and is 
alled DAQ1000, will a
quire data at rates up to 1000 Hz. The newte
hnology that makes this upgrade possible are the front-end 
hips and asso
iatedreadout ele
troni
s being developed for the ALICE TPC [Musa 03℄. The CERN 
hipsare truly the next-generation of TPC front-end 
hips and were designed based on ourexperien
e with the STAR ele
troni
s and built using spe
i�
ations that are nearlyidenti
al to the STAR requirements. Thus, the repla
ement of the existing STARele
troni
s with a derivative of the newer CERN ele
troni
s will mean an order ofmagnitude in
rease in performan
e.2.24 The PPV and the MinuitVF MethodThe Proton-Proton Vertex (PPV) �nds the z position of a vertex, by requiring a beamline 
onstraint in order to determine the x and y values of the vertex. The beamline 
onstraint is 
al
ulated by �tting all the events with the MinuitVF without any
onstraints on the vertex position [Reed 09℄. A straight line �t is performed to thevertex distributions obtaining a relationship between x, y and z 
omponents.Although many of the verti
es found in this method will not be the 
orre
t onesfor the event, the number that are the 
orre
t verti
es will have enough statisti
s sothat the beam line is a valid representation of the beam path. In parti
ular, from ea
hevent, the tra
ks are sele
ted based on their quality in the TPC. The tra
ks shouldextrapolate to within < 3 cm of the beam line and to a point within the volume of theTPC. In addition they should have a minimum momentum of 0.2 GeV/c.Con
erning the quality assuran
e of the tra
ks, the fra
tion of TPC hit points overthe number of possible TPC hit points should 
omply with (2.10).nHitsFitnHitsPoss = 0.7 (2.10)Also (2.10) allows many tra
ks from post 
rossing events to be removed, (
f. Se
-tion 2.12.1). In addition, the post 
rossing pile-up is harder to remove that pre-
rossingpile-up as the tra
ks will re
onstru
ted so that they appear to 
ross the TPC 
entralmembrane. Ea
h tra
k that meets the tra
k quality 
uts is given a weight based onwhether it extrapolates to a deposit of energy in a fast dete
tor or it 
rosses the TPC
entral membrane. Tra
ks that perform so, are likely to be tra
ks from the triggeredvertex as these dete
tors 
an be reset between bun
h 
rossings. However, this doesnot allow the vertex �nder to remove pile-up (
f. Se
tion 2.12.1) from within bu
ket
ollisions.A tra
k whi
h extrapolates to a fast dete
tor without energy deposited is given aveto fa
tor. The tra
k is not 
ompletely removed from the analysis, however it is moreprobable that this tra
k is not from the triggered event so it is not given mu
h weight.
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tsIn the 
ase where the tra
k does not extrapolate to a fast dete
tor�or the part of thedete
tor it extrapolates to is unable to be read out�the tra
k gets a dunno fa
tor.The latter is set to 1 as there is no knowledge about whether this tra
k belongs to thetriggered vertex. The total weight for the tra
k is the produ
t of the three weightsfrom the various dete
tors.As with the PPV algorithm, similar tra
k quality 
uts are applied to the 
olle
tion oftra
ks used for the vertex �nder. Vertex 
andidates are any point with at least 5 tra
kspointing to within 6 cm in z dire
tion, and within < 2 cm of the beam line. Let us alsonote that any two 
andidates 
annot be within 6 cm from ea
h other. Finally, the 3Dposition of this vertex is found by using the MINUIT [James 06a℄ minimization routinein order to minimize the mean distan
e of 
losest approa
h (DCA) of the 
olle
tion ofasso
iated tra
ks.As a �nal step, ea
h vertex 
andidate is given a rank based on the average dipangle 
f. Se
tion 2.12 of the asso
iated tra
ks versus z, the number of tra
ks whi
h aremat
hed to the BEMC and the number of tra
ks that �nally 
ross the TPC 
entralmembrane.



Chapter 3Data Analysis
The analysis methodology of the D0 re
onstru
tion is the main fo
us of this 
hapter. Theevent sele
tion along with the tra
k quality assuran
e 
uts, as well as the ele
tron andhadron identi�
ation is dis
ussed. In addition, the various methods for the generation ofthe ba
kground as well as the 
onse
utive subtra
tion and s
aling approa
hes are alsopresented. The 
hapter 
on
ludes by mentioning the 
al
ulation of the signi�
an
e for theextra
ted signal.
3.1 Introdu
tionThe D0(cū) meson belongs to the SU(4) (�avor) pseudos
alar (JP = 0−) 16-plet of
u, d, s, c quarks. A representation in the I, C and Y spa
e 
an be seen in Figure 3.1.The D0 → K−π+ hadroni
 de
ay that the analysis will be fo
used on, has a bran
hingratio B.R. = 3.89%. The D0 parti
le has a nominal mass value m = (1864.84 ±
0.17) MeV/c2 and lifetime of τ = (410.1 ± 1.5) · 10−15 sec. The mean de
ay length is
cτ = 122.9µm [Amsler 08℄. Finally, the weak intera
tion being responsible for the D0hadroni
 de
ay transmutates the 
harm quark to a strange quark via the emission of a
W+ parti
le, as shown in Figure 3.1. In order to study the 
harm de
ay topology, weneed not only to identify the daughter parti
les into K± and π±, but also it is neededto 
ombine the probe side (K−π+/K+π−) with the trigger side (e±) in order to applythe novel method of the e�D0 azimuthal 
orrelation. As a last step, and in order to beable to re
onstru
t the se
ondary vertex, the point that the D0 de
ay takes pla
e, themi
rovertexing te
hnique will be applied. 61
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Fig. 3.1: Left : Graphi
al representation of the pseudos
alar meson 16-plet of SU(4) �avor u, d, s, cas a fun
tion of isospin I, 
harm C and hyper
harge Y = S + B − C
3
. The SU(3) nonet�avor, lays in the middle C = 0 plane. Right : Feynman diagram of a D0 → K−π+hadroni
 de
ay. The weak for
e is responsible for the parti
le's de
ay, transmuting the
harm quark (c) into a strange quark (s) via the emission of the W+ boson.3.2 The Event Sele
tionThe events are 
ategorized by a trigger name and trigger setup. We are interestedin events that triggered the Barrel Ele
tromagneti
 Calorimeter (BEMC) and thereis a large probability that they 
ontain a high-pt parti
le, that we are interested in.For the 
ase of the Cu+Cu we sele
ted the High Tower, events. In the Au+Au 
asethere are the Btag triggered events. Finally for the p+p (2006), p+p (2008) as well asd+Au (2008), we also 
onsider the Minimum Biased events.3.2.1 Minimum Bias Triggered EventsThe Minimum Bias trigger (MinBias), in p+p 
ollisions, demands a 
oin
iden
e of theof signals from two BBC (
f. Se
tion 2.3.4) on the opposite sides of the intera
tionpoint.3.2.2 High Tower Triggered EventsA brief des
ription of the BEMC dete
tor, 
an be found at Se
tion 2.16. The BEMCo�ers the ability to sele
t events that 
ontain at least one high-pt parti
le. This 
on-dition required, in addition to the Minimum Bias (Se
tion 3.2.1), an energy depositabove a prede�ned threshold in at least one 
alorimeter tower. Two di�erent thresholdswere applied yielding the HighTower-1 and HighTower-2. The purpose of the spe
i�
trigger is to enri
h the sample with events that 
ontain parti
les with a large transverseenergy deposit.



3.2 The Event Sele
tion 633.2.3 The Primary z-vertex Sele
tionA preliminary 
ut is being imposed on the vertex and in parti
ular in the z 
ompo-nent. Events that 
ontain (Vx, Vy, Vz) = (0, 0, 0) 
on
erning the vertex 
omponents, areex
luded sin
e�by 
onvention�these are 
ases that the primary vertex was not re
on-stru
ted. In Table 3.1, we summarize the 
uts for various datasets on the z 
omponentof the primary vertex for the events that are taken under 
onsideration in the 
urrentanalysis. The reason for 
utting on the z-vertex is in order to have tra
ks that do not
ross a lot of dete
tor material and are 
onstrained in a region around the z0 = 0.Tab. 3.1: Cut on the z- primary vertex 
omponent for various datasets used in the 
urrent analysis.All runs are at √snn = 200 GeV.Run Dataset |z-vertex| [cm]V Cu+Cu ≤30VI p+pVII Au+Au
≤20VIII d+Aup+p
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Fig. 3.2: Distribution of z vertex (normalized to the total number of events). Left : Cu+Cu (HighTower) (run V) (red) and Au+Au (Btag) (run VII) (blue). Right : p+p (run VI) (green),p+p (run VIII) (purple) and d+Au (run VIII) (blue). All datasets are at√snn = 200 GeV.3.2.4 The Charged Parti
le Event Multipli
ityThe 
harged multipli
ity is a useful tool in order to 
lassify the events via their 
en-trality. It performs so by utilizing the Glauber Model, as des
ribed in Se
tion 1.10.



64 3. Data AnalysisIt is possible to perform a 
ut on the event multipli
ity on datasets, usually sele
tingevents that 
omply with the 
ut stated in (3.1).
0 < multipli
ity < A (3.1)Let also note that (3.1) allows to sele
t more peripheral (smaller multipli
ity values)or 
entral events (towards larger values), allowing to perform the analysis in di�erent
entrality bins. Additionally, in Table 3.2 it is presented the equivalen
e between the
harged multipli
ity and the di�erent 
entrality bins in Cu+Cu and Au+Au datasetsat √snn = 200 GeV datasets.
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Fig. 3.3: Event multipli
ity distributions (normalised to the total number of events) Left :Cu+Cu (High Tower) (run V) (red) and Au+Au (Btag) (run VII) (blue). Right : p+p (runVI) (red) and p+p (run VIII) (green) and d+Au (run VIII) (blue). All datasets are at√
snn = 200 GeV.3.2.5 Trigger Event Sele
tionWe are mostly interested in events that 
ontain a high-pt trigger parti
le that willhit the BEMC. In Table 3.3 it is presented the BEMC energy thresholds for variousdatasets and triggers. For the 
ase of Cu+Cu (run V) and Au+Au (run VII) there wasexpli
itly a trigger Id., High Tower or Btag signifying a di�erent BEMC tower energythreshold.3.3 The Tra
k Quality Assuran
e Sele
tionA preliminary set of 
uts is being imposed on the tra
k sele
tion, a�e
ting both theele
tron and hadron 
andidates' sele
tion. In parti
ular, we 
onsider tra
ks spanningin the region |η| < 1 in the TPC volume, in order to take into a

ount the a

eptan
e



3.4 The Role of the BEMC 65Tab. 3.2: Centrality de�nition and multipli
ity values. Left :for the Cu+Cu (run V) Right : for theAu+Au (run VII). Minimum Bias events. Both runs at √
snn = 200 GeV. Values aretaken from [Timmins 06, Timmins 09b℄.Centrality [%] Multipli
ity [≥] Centrality [%] Multipli
ity [≥]Cu+Cu Au+Au0�5 4850�10 140 0�10 3990�20 103 0�20 2690�30 74 0�30 1780�40 53 0�40 1140�50 37 0�50 690�60 25 0�60 390�70 210�80 10

of the TPC. In addition, tra
ks with TPC hits that 
omply with (3.2). This 
ut isshown in Figure 3.4. nHitsTPC > 20 (3.2)nHitsFitnHitsPoss > 0.15The upper part of (3.2) is used in order to obtain a better quality 
on
erning themomentum measurement of the tra
k, sin
e it is proportional to the tra
k length, aswill presented and dis
ussed in Se
tion 4.3, and in parti
ular (4.13). The maximumnumber of the TPC hits that one tra
k 
an have is 45. The lower part of (3.2) servesin order to avoid the split tra
ks. The latter situation o

urs, when the re
onstru
tionsoftware takes into a

ount hits from one tra
k, generating two separate ones.3.4 The Role of the BEMCThe BEMC plays a 
ru
ial role in our study, allowing us to determine the high-pt events.It o�ers the fast triggering on events at the L0 level, de
iding whi
h ones are sele
tedto 
ontain a high-pt parti
le hitting the BEMC towers (High Tower, Btag events). The
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Fig. 3.4: 2D plot of the ratio nHitsFitnHitsPoss as a fun
tion of the nHitsFit for the sele
ted tra
ks used inthe 
urrent analysis.dete
tor was partially instrumented in 2005 (
overing only the west side: 0 < η < 1),and fully after the p+p at √
s = 200 GeV (run VI). In Figure 3.5, it 
an be seenthe a

eptan
e of the dete
tor, in η-φ, for the two di�erent runs (partial and fullinstrumentation).
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Fig. 3.5: BEMC η-φ a

eptan
e. Left : partially instrumented during the Cu+Cu (run V). Right :fully instrumented during the Au+Au (run VII). Both runs are at √snn = 200 GeV.3.5 The Ele
tron Identi�
ationThe identi�
ation of the ele
trons in the 
urrent analysis, plays a major role in orderto a

ept the events that 
ontain at least one high-pt ele
tron 
andidate. Additionallyit is needed to 
reate a pure ele
tron sample that will allow the appli
ation of the e�D0
orrelation analysis. In order to perform this sele
tion for the ele
tron tra
k 
andidates,we apply the following set of 
uts.i. The event must 
ontain at least one hit in the BEMC (tower) that satis�es the
E or Et threshold: High Tower (for the Cu+Cu) or Btag (for the Au+Au), asstated in Table 3.3;
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ation 67
Tab. 3.3: BEMC Tower energy threshold for various datasets and triggers. Calorimeter η a

ep-tan
e: East [−1, 0] and West [0,+1]. For the years 2007�2008 the transverse energy Etwas 
onsidered as the 
alorimeter threshold. All runs are at √

snn = 200 GeV. Valuesare taken from [Dunlop 08a℄.year 
olliding spe
ies trigger id. threshold E [GeV]
bem
 ηa

eptan
e2005 Cu+Cu 66201 2.40
[0,+1]66203 3.752006 p+p 117211 5.0

[−1,+1]

117212127212 5 (W), 5.4 (E)127213 5.41372132007 Au+Au 200212
4.3∗200213200214

2008 d+Au 210501 2.6∗210511 3.6210521 4.3210541 8.4p+p 220500 2.6∗220510 3.6220520



68 3. Data Analysisii. a 
ut on the energy loss of the tra
ks in the TPC is performed between the values
dE
dx

∈ [3.5, 5.0] [keV/cm] along with a tra
k momentum 
ut, a

epting only thetra
ks with momentum greater than p ≥ 1.5 GeV/c;iii. a 
ut on the shower pro�le of the parti
le, by imposing on the SMD strips both in
η and φ plane of the dete
tor to have at least one strip hit. Hen
e the following
ut: SMDη > 1 and SMDφ > 1;iv. a 
ut on the ratio of 0 < p

Etower < 2, p measured by the TPC and Etower by theBEMC;v. the extrapolated tra
k that mat
hes the point on the BEMC surfa
e of the tower,is 
onsidered as the ele
tron tra
k; andvi. in order to extra
t the portion of non photoni
 ele
trons from the overall ele
-tron sample, a 
ut on the di-ele
tron invariant mass is applied both of like sign
(e±e±) and unlike sign (e±e∓). The sample of the ele
tron 
andidates is re-je
ted if at least one of the parti
les belongs to a pair with invariant mass value
me+e− ≤ 150 MeV/c2, as shown in Figure 3.9. The latter 
ut is des
ribed in detailin Se
tion 3.5.5.3.5.1 The Role of the SMD
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Fig. 3.6: SMD strips o

upan
y in η and φ plane, for showers. Left : for the hadrons. Right : forthe ele
trons. Both plots are normalized to unity. Figures are taken from [Kurnadi 10℄.Both hadrons and ele
trons 
reate showers in the BEMC. The former having a very
onstraint geometri
al pro�le of the shower and the latter presenting a broader showerdistribution. It is of great importan
e the 
ut on the SMD strips in η and φ plane (forthe dete
tor des
ription 
f. Se
tion 2.16.2) allowing to perform a 
ut in the (η, φ) planeby 
utting on the pro�le of the shower. The dete
tor is 
onsisted of proportional gas
hambers with a strip read-out at a depth of 5X0 in order to measure shower shapes



3.5 The Ele
tron Identifi
ation 69and position. For our 
urrent study, we sele
t the towers that 
omply with the 
ut(3.3). SMDη > 1 (3.3)SMDφ > 1The ele
tromagneti
 showers from ele
trons have their maximum intensity at 5X0where the SMD is lo
ated, while hadroni
 showers are in
ompletely developed, remain-ing restrained in η and φ strip o

upan
y. Based on 
alibrations of the SMD responseto ele
trons and hadrons, tra
ks whose shower proje
tion o

upies more than 1 stripin both η and φ SMD planes were sele
ted as ele
tron 
andidates. In parti
ular inFigure 3.6, it is shown su
h a distribution in the η-φ strips of the SMD for hadroni
and ele
tromagneti
 shower shape.3.5.2 The Energy Loss for the Ele
tron CandidatesAs stated in Se
tion 2.11, a 
harged parti
le traveling inside a medium loses energy byionizing the 
onstituents of the matter. On the left side of Figure 3.7 it is shown thetra
k energy loss dE
dx

versus its rigidity (p ·q), measured by STAR TPC for di�erent par-ti
le spe
ies. The ele
trons are expe
ted to span in the area: 3.5 < dE
dx
< 5.0 [keV/cm],whi
h is also shown on the right side of Figure 3.7. Above the 1 GeV/c all the par-ti
les seem to lose the same amount of energy, imposing a di�
ulty in the parti
leidenti�
ation above this momentum limit.
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Fig. 3.7: Left : The energy loss dE
dx

in the TPC vs the rigidity for all tra
ks. Right : The energyloss dE
dx

versus momentum p for the ele
tron 
andidates after the 
uts 0 < p
Etower < 2,

p > 1.5 GeV/c, dE
dx

∈ (3.5, 5.0) [keV/cm] and SMD strips 
ut: SMDη + SMDφ ≥ 2. Bothplots are 
reated from d+Au run(VIII) data.
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EtowerThe momentum of the tra
k (p) is 
al
ulated in the TPC (
f. Se
tion 2.12) and theenergy of the tower measurement (Etower) is given by the BEMC towers, as des
ribed inSe
tion 2.16. The high-pt ele
trons transfer almost all of their energy in the 
alorimeter
ells, generating ele
tromagneti
 showers. For the latter 
ase, it 
an be 
onsidered that

Etower ≃ p, or in other words p/Etower ∼ 1, whereas for the 
ase of hadrons, the
p

Etower distribution is broader, sin
e hadrons lose only a portion of their energy for the
reation of (hadroni
) showers, Etower ≪ p, thus the ratio p/Etower ≫ 1 
an extend toa large range of values above unity. In Figure 3.8 the distribution of the ratio both forthe ele
tron and the hadron is being presented for tra
ks with momenta p > 2 GeV/c.A gaussian �t is also performed for the ele
tron 
ase yielding a mean value as in (3.4)and with a standard deviation of σ = 0.19.
〈 p

Etower ∣

∣

∣

∣

e±
〉 = 0.996 ± 0.049 (3.4)
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Fig. 3.8: p/Etower distributions for hadrons (red line) and ele
trons (blue line) for tra
ks with
p > 2 GeV/c. A �t (green line) is performed on the ele
trons distribution yielding a meanvalue µ = 0.99 and σ = 0.19. Both distributions are normalised to their total number ofentries. Data used from [Kurnadi 10℄.3.5.4 The Distan
e Between the Extrapolated Tra
k and theTowerOn the BEMC surfa
e we 
an identify with a resolution of (∆η × ∆φ) = (0.001 ×

0.001) [Beddo 03℄ the position of tower. In order to identify the ele
tron, the tra
k that
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tron Identifi
ation 71passes the previous 
uts des
ribed in Se
tions 3.5.1�3.5.3 needs to be is extrapolatedto the BEMC surfa
e. The distan
e between the tower and the proje
tion of the tra
kis 
al
ulated as
rT i =

√

(xT − xi)2 + (yT − yi)2 + (zT − zi)2 (3.5)where (xT , yT , zT ) are the tower 
oordinates and (xi, yi, zi) refer to the 
oordinates ofthe extrapolated tra
k to the BEMC surfa
e.3.5.5 The Sele
tion of the Non Photoni
 Ele
tronsThe main 
ontamination for the non-photoni
 ele
trons originates from the neutralmesons' de
ay π0 → 2γ, η → 3π0. Also the material, su
h as the sili
on dete
tors,the beam pipe made of Be and the TPC inner �eld 
age 
ontribute to the photon
onversion, γ → e−e+, as shown in the left part of Figure 3.9. In parti
ular, it is shownthe distan
e (from the origin) of the vertex that the gamma 
onversion takes pla
ein STAR dete
tor. In order to separate the non-photoni
 ele
trons from the photoni
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Fig. 3.9: Left : Distan
e (radius) of the photon 
onversion (γ → e+e−) vertex intera
tion point tothe x0, y0, z0 
enter point of STAR dete
tor. The 3 layers of SVT (red) along with theone SSD layer (blue), the kapton foil (∼ 32 cm) and the inner TPC �eld 
age (green) 
anbe 
learly seen. Figure is taken from [Choi 09℄. Right : Same-sign (blue) and opposite sign(red) invariant mass yields for ele
tron 
andidates. A 
ut at 150 MeV/c2 is imposed inorder to separate the non-photoni
 ele
trons. Plot 
reated from the p+p at√s = 200 GeV(run VI).ele
trons the invariant mass method is used. In spe
i�
 every ele
tron 
andidate is
ombined with all the tra
ks in the TPC passing the loose dE
dx

for the ele
tron 
andi-dates (
f. Se
tion 3.5.2). This method yields an invariant mass spe
trum, as shownon the right part of Figure 3.9 for like sign (e±e±) and unlike sign (e±e∓) pairs. Bysuperimposing both invariant mass spe
tra, we seek the 
ommon point of the two plots.In parti
ular it is 
learly shown the 
ut at 150 MeV/c2. Finally, let us note that theinvariant mass 
al
ulation is being 
onsidered with the tra
ks' momenta 
al
ulated atthe DCA of ea
h two tra
ks.
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le Identi�
ation for the Daughter Tra
ksThe daughter tra
ks need to be 
lassi�ed into kaons and pions. For this reason weapply the following method that in
ludes a sele
tion 
ut between the 
harge of thehadron and the trigger ele
tron, and a se
ond 
ut based on the dE
dx

energy loss of thetra
k in the TPC.3.6.1 The Charge Correlation Between the Ele
tron and theHadronAs stated in Se
tion 1.13, the 
harge of the trigger parti
le, is 
onsidered to play animportant role in the dedu
tion of the spe
ies of the hadron. In parti
ular, we 
andistinguish two 
ases:i. D0 as a produ
t of a cc̄ de
ay�dominant sour
e. If the sign of the 
harge of thetrigger parti
le (e) is equal to the sign of the 
harge of the hadron (h) and anazimuthal angular 
ut at ∆φ = π between the two parti
les momenta is imposed.Hen
e the hadron is a kaon 
andidate inheriting the 
harge of the trigger.ii. D0 produ
ed by a bb̄ de
ay�dominant sour
e. We 
onsider the sign of the 
hargeof the e to be opposite to the 
harge of the h and a 
ut at ∆φ = π is imposed.The hadron is 
onsidered to be a kaon 
andidate with a 
harge opposite to thetrigger's.The se
ond and �nal de
ision on the spe
ies of the hadron will be taken after theadditional dE
dx


ut, as explained in Se
tion 3.6.2.3.6.2 The nSigmaKaon and nSigmaPion DistributionsA supplementary 
ut that is applied in order to identify the hadrons, is related tothe energy loss dE
dx

due to the passage of the 
harged parti
le through the gas of theTPC, 
f. Se
tion 2.11. The energy loss of a tra
k is expressed in terms of standarddeviations (σ) with a prior mass hypothesis [Bi
hsel 06℄. In Figure 3.10 it is shown su
ha distribution for the nσπ for a predetermined pt window at 3.75 < pt < 4.0 GeV/c.3.7 The Role of the Sili
on Dete
torsIn datasets su
h as Cu+Cu (run V) and Au+Au (run VII) at √
snn = 200 GeV, thesili
on dete
tors (SVT and SSD) were present in the data a
quisition and subsequentlyused in the o�ine tra
k re
onstru
tion. A supplementary 
ut on the total number ofSili
on Hits of ea
h tra
k 
an be applied, in the form SVT+SSD > a, with a be an
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Fig. 3.10: nσπ distribution for di�erent parti
le spe
ies at 3.75 < pt < 4.0 GeV/c. Also shownthe result from a 4-Gaussian �t. Figure is taken from [Xu 08a℄.integer. This 
ut o�ers better resolution 
on
erning the DCA of tra
ks with respe
tto the primary vertex, as will be dis
ussed in Se
tion 4.3. The demand on the sili
on
uts, allows the possibility to sele
t tra
ks that are more likely to emerge from theprimary vertex.
46.6683 22.8445 0.0672544

0.0016906 16.0612 0.0623807

6.48933 6.0563 0.0324781

0.827353 0.864916 0.0048737

SSD hits
0 0.5 1 1.5 2

S
V

T
 h

its

0

0.5

1

1.5

2

2.5

3

42.9055 8.861 0.064387

10.6152 0.0536532

17.9786 10.5415 0.0735796

5.67892 3.1744 0.0218431

SSD hits
0 0.5 1 1.5 2

S
V

T
 h

its

0

0.5

1

1.5

2

2.5

3

Fig. 3.11: 2D distribution of SVT vs. SSD hits for Cu+Cu (High Tower) (left) and Au+Au (Btag)(right) at √snn = 200 GeV. All values are normalized to the total number of entries andgiven in [%℄.Let us also make a note for the parti
ular 
ase of SVT+SSD = 0. The 
onvention forthis 
ase is that when the sum of sili
on hits for a given tra
k is SVT+SSD = 1, then thehits for the two dete
tors is distributed as follows: SVT = 0 and SSD = 1. Pra
ti
allythat means that the per
entage of tra
ks with only 1 sili
on hit and of whi
h this hit



74 3. Data Analysisdoes not belong to the SSD is zero. Finally, in Figure 3.11 it is shown the distributionof SVT and SSD hits of tra
ks, for Cu+Cu and Au+Au at √snn = 200 GeV datasets.3.8 The D0 Invariant Mass Re
onstru
tionAfter applying all 
uts 
on
erning the sele
tion of ele
trons , the tra
ks, and the eventsele
tion, we 
an pro
eed in re
onstru
ting the D0 invariant mass. For a hadron pairthe invariant mass M12 is given by (3.6).
M12 =

√

E1E2 − ~p1 · ~p2 (3.6)where Ei and ~pi are the energy and momentum of ea
h i-parti
le. The energy of ea
hdaughter parti
le is 
al
ulated using the nominal mass value as stated in Appendix A.3.3.8.1 The Ambiguity in the Daughters Mass AttributionAt this point let us make a note 
on
erning the 
al
ulation of the D0 invariant mass.Espe
ially let us 
onsider the hadron pairs. Initially there exists no prior knowledge
on
erning the nature of ea
h parti
le (either K± or π±) 
omposing the hadron pair.For ea
h hadron tra
k, we perform an ex
lusive dE
dx


ut in the form of standard devia-tions, keeping the tra
ks that 
omply by (Se
tion 3.6.2).
|nSigmaKaon| < aand (3.7)
|nSigmaPion| < bLet us note that the 
uts 
on
erning one spe
ies of a parti
le are not ex
lusive to ea
hother. In other words the demand for a hadron to belong to spe
ies A does not ex
ludethe possibility that the same tra
k 
an belong to spe
ies B. As a result the tra
k 
anbe 
onsidered twi
e (both K and π) and it will be taken under 
onsideration in both
ases for the 
al
ulation of the D0 invariant mass as in (3.6). From an algorithm pointof view, sin
e we are using a double loop over the hadrons, in order to 
reate pairs, letus 
onsider the 
ase of a hadron pair for the (i, j) = (K−, π+) whose tra
ks ful�ll both
uts in (3.7). Therefore (3.6) be
omes (3.8).

Mij =
√

EKi
Eπj

− ~pKi
· ~pπj

(3.8)If both tra
ks pass the dE
dx


uts in (3.7), then the pair, 
an also be 
onsidered�as adi�erent pair of 
ourse�and 
an be written (i, j) = (π+, K−), yielding (3.9).
Mji =

√

EKj
Eπi

− ~pKj
· ~pπi

(3.9)



3.9 The Ba
kground Re
onstru
tion 753.9 The Ba
kground Re
onstru
tionThe re
onstru
tion of the ba
kground yield has the same importan
e as the generationof the invariant mass yield. One of the main aspe
ts of a proper ba
kground 
onsistsof simulating the D0 invariant mass yield. In other words it is required the smoothbehavior beneath the D0 mass region. In order to su

essfully simulate the ba
kground,the following di�erent methods are used for the extra
tion of the D0 signal from theinvariant mass yield.i. Samesign, using the yield of √K−π− ⊗K+π+ , des
ribed in Se
tion 3.9.1;ii. rotational, rotating the momentum of one daughter tra
k, by a �xed angle, asdes
ribed in Se
tion 3.9.2; andiii. polynomial, where a �t with a polynomial fun
tion of nth degree, pol[n℄, is per-formed around the D0 mass region, as stated in Se
tion 3.9.3.In the following paragraphs, we present the method that was used for the 
reation ofevery ba
kground yield, and the various aspe
ts for ea
h 
ase.3.9.1 The Same-Sign Ba
kgroundFor a givenK−π+ pair, the samesign ba
kgroundK+π+, 
f. Figure 3.12, 
an be sele
tedin order to be subtra
ted from the S +B yield. In order to 
onstru
t a high statisti
syield the total samesign is 
onstru
ted by 
ombining the negative and positive pairs,following (3.10). √
K−π− ⊗K+π+ (3.10)For the high pt triggered events (High Tower or Btag), it is important to note that sin
ethe sign of the trigger parti
le determines the sign of the K 
andidate, as explainedin Se
tion 1.13, it is not possible to have in the same event both spe
ies K−π− and

K+π+ in the same event. Nevertheless both the invariant mass and the ba
kgroundyields sin
e they are 
onstru
ted over the total number of events and not examined onan event by event basis, the overall 
harged samesign is not a�e
ted (Figure 3.12). Of
ourse in the Minimum Bias events, sin
e there is no high pt parti
le there is no su
ha restri
tion 
on
erning the re
onstru
tion of both samesign spe
ies.3.9.2 The Rotational Invariant Mass Ba
kgroundWe refer to the rotational ba
kground as the invariant mass yield, 
al
ulated via (3.6),but this time one of the daughter tra
ks' momentum is being rotated in spa
e by anangle θrotwith respe
t to the initial tra
k dire
tion, 
f. Figure 3.13. In parti
ular, we
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Fig. 3.12: Distribution of the samesign invariant mass yields for K−π− (red), K+π+ (blue) andtotal √K−π− ⊗K+π+ (green).
hoose this tra
k to be the one 
orresponding to the kaon. In mathemati
al form it isexpressed by (3.11).
M12 =

√

E1E2 − |~p1||~p2| cos(θ + θrot) (3.11)
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Fig. 3.13: Left : S
hemati
 depi
tion of the rotation of a kaon's momentum in spa
e by an angle
θrot. Let us note that the de
ay plane before and after the rotation, remains the same.Right : RotationalK−π+/K+π− invariant mass yields for various θrot angles of rotation.Supplementary rotational angles exhibit similar invariant mass yield in the region 
loseto the D0 mass region (1.865 GeV/c2). The D0 invariant mass before any rotation isplotted by the green empty 
ross.



3.9 The Ba
kground Re
onstru
tion 77In (3.11), let θ be the initial angle between the two parti
les' momenta. Also wedenote by θrot the angle of rotation. Let us mention that the initial rea
tion plane ofthe de
ay is being respe
ted prior and after the rotation. In parti
ular, this meansthat the parti
le's momentum 
omponents are found on the same plane, before andafter the rotation takes pla
e. In Figure 3.13, it is presented the rotational invariantmass yields for the various rotational angles θrot.The Rotational Ba
kground and the Sili
on HitsDue to the non isotropi
 azimuthal a

eptan
e (
f. Figure 3.14) in the sili
on de-te
tors: SVT+SSD, it is observed that the rotational invariant mass subtra
tion isnot appli
able, when a 
ut on the sili
on hits of the tra
ks is applied in the form ofSVT+SSD=a. In parti
ular the subtra
tion of the rotational mass does not s
ale asexpe
ted, yielding a non-properly ba
kground residual invariant mass yield around the
D0 mass region.
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Fig. 3.14: Azimuthal a

eptan
e for tra
ks with SVT+SSD=a hits: no 
uts (pink), 0 (blue), 1(green), 2 (red), 3 (magenta) and 4 (bla
k). Left : for the Cu+Cu dataset. Right : forthe Au+Au. Both runs are at √snn = 200 GeV.3.9.3 The Polynomial Ba
kgroundA third method that 
an be applied for the ba
kground subtra
tion, is the use of apolynomial in order to simulate the ba
kground, usually in the form of (3.12).
Pn(x) = a0x

0 + a1x
1 + a2x

2 + . . .+ anx
n =

∑

n

anx
n (3.12)The values of the 
oe�
ients an are 
al
ulated by �tting the invariant mass yield withthe fun
tion Pn(x). The �t is being performed between the region [1.7, 2.1] (GeV/c2),and the order of the polynomial is 
onsidered to be between n = 1�7. In Figure 3.16 itis shown the invariant mass of the K−π+ pairs along with the polynomial �t for various
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Fig. 3.15: Ba
kground D0 invariant mass plots for di�erent SVT+SSD 
ases. Left : Rotational(at 180
◦) invariant mass yield. Right : Invariant Mass yield of K−π+/K+π−. Plots
reated with the dataset Cu+Cu at √snn = 200 GeV (High Tower) data.degrees n. In order to estimate the goodness of �t we are using the χ2/n.d.f., wheren.d.f. is the number of degrees of freedom, the number of points of the 
urve that the�t was performed minus the number of the free parameter [James 06b℄. In addition,the values of χ2/n.d.f. are summarized for the various 
ases of polynomial �t fun
tionsand su
h a �t is presented along with the D0 invariant mass yield.
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orresponding �t polynomial degrees. Plots and values are 
re-ated from the Cu+Cu at √snn = 200 GeV run.3.10 The S
aling of the Ba
kgroundThe goal of 
reating the ba
kground is to perform the subtra
tion afterwards, in or-der to extra
t the D0 signal. Both rotational and samesign need to be s
aled before



3.10 The S
aling of the Ba
kground 79the subtra
tion as shown in Figure 3.19. The s
aling of the ba
kground is a
hievedby 
al
ulating the s
aling fa
tor (c) in the following way. Let us 
onsider the in-variant mass distributions dN
dM

both for the signal+ba
kground yield (NS+B) and pureba
kground yield (NB). The integral over an area away from the D0 nominal mass(1.865 GeV/c2) is then 
onsidered, both for the D0 invariant mass yield and the 
orre-sponding ba
kground (samesign or rotational) yield. In parti
ular we 
onsider the areaboth for the K−π+/K+π− and the 
orresponding ba
kground between the invariantmass regions [MA,MB].
c ≡

∫ MB

MA

dNS+B
dm

dm

∫ MB

MA

dNB
dm

dm

(3.13)The normalization fa
tor c is used for the ba
kground yield NB is hen
e s
aled to N ′
Ba

ording to the following formula:

∫

dN ′B
dm

dm = c

∫

dNB
dm

dm (3.14)
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Fig. 3.17: Invariant mass of Kπ. Both peaks of K0(892) and D0(1865) (red area) 
an be 
learlyseen. Figure is taken from [Zhang 03℄.3.10.1 The Region above 2.1GeV/c2In order to 
al
ulate the normalization fa
tor c, we 
onsider the �rst 
ase to be theregion above MA = 2.1 GeV/c2, as shown in Figure 3.18. The reason behind the
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tion of this region is the 
ontribution of the K0(892) → Kπ de
ay 
hannel (B.R. =
0.01) [Amsler 08℄, into the D0 invariant mass spe
trum. The latter situation is shownin Figure 3.17.3.10.2 The Regions [1.7, 1.8] ∪ [1.9, 2.0] [GeV/c2]
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Fig. 3.18: Cartoon depi
ting the s
aling of the ba
kground for the 
ase (2.1,∞) (left) and the
[1.7, 1.8) ∪ (1.9, 2.0] (right).An alternative method for the dedu
tion of the fa
tor c is to 
onsider the followingsteps. Instead of integrating over only area [MA,MB], we also 
onsider a se
ond area

[MC ,MD]. Therefore the fa
tor is 
al
ulated in the latter 
ase by exploiting (3.15).
c =

∫ MB

MA

dNS+B
dm

dm+

∫ MD

MC

dNS+B
dm

dm

∫ MB

MA

dNB
dm

dm+

∫ MD

MC

dNB
dm

dm

(3.15)
The values of the integrating areas are 
onsidered to be [1.7, 1.8] ∪ [1.9, 2.0] [GeV/c2],ex
luding the region around the D0 mass peak, as shown in Figure 3.18. The 
hoi
e ofthe mass area that is used in order to s
ale the ba
kground, depends strongly on theform of the subtra
ted invariant mass yield. In parti
ular, it is expe
ted that the sub-tra
ted spe
trum to �u
tuate around 0, near the D0 mass region. In the 
ontrary 
ase,a double ba
kground subtra
tion 
an also be performed. Namely, after the rotationalor the samesign ba
kground subtra
tion, the polynomial �t is also subtra
ted from theresidual spe
trum.
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Fig. 3.19: Invariant mass yield of K−π+/K+π− (blue). Left : along with uns
aled (
yan) ands
aled (red) samesign √
K−π− ⊗K+π+ ba
kground yields. Right : along with uns
aled(red) and s
aled (green) rotational ba
kground (at 180◦) yields. The s
aling area is
onsidered to be: [1.7, 1.8] ∪ [1.9, 2.0] [GeV/c2] for both 
ases.3.11 The Signi�
an
e of a SignalWhen treating with the signal extra
tion, often it is useful to present the signi�
an
egiven by the general formula (3.16).

σ =
S√

S + nB
(3.16)The fa
tor n expresses the un
ertainty on the form of the B distribution. After �ttingthe signal with a gaussian peak, the parameters su
h as the mean value x̄ and thestandard deviation σ a
quired by the �t, are re
orded. In (3.16) the S, B are thesignal and ba
kground yields (3.17) inside a given region [x̄ − κσ, x̄ + κσ] around thevalue x̄. The fa
tor κ 
an vary between the values 1�3. In parti
ular, we 
onsider theset in (3.17).

S =

∫ +κσ

−κσ

dNS

dm
dm (3.17)

S +B =

∫ +κσ

−κσ

dNS+B

dm
dmIf S + B and B are un
orrelated quantities, then a simple 
al
ulation yields for theerrors:

√
S +B is the error is δS+B for the signal and ba
kground, e.g. opposite sign;and

√
B is the error is δB for the ba
kground, e.g. samesign.



82 3. Data AnalysisThe error of the signal S, therefore is
δS =

√

δ2
S+B + δ2

B =
√
S + 2B (3.18)



Chapter 4Mi
rovertexing Te
hniqueThe main fo
us of the 
urrent 
hapter, is the se
ondary vertex re
onstru
tion method;namely the mi
rovertexing te
hnique. The methodology followed for the 
al
ulation of themi
rovertexing variables is also presented. In the 
hapter 
on
lusion it is also presenteda study on the improvement of the resolution of tra
king and the improvement on the
al
ulation of the mi
rovertexing variables, by in
luding the sili
on hits (SVT+SSD) forevery tra
k.4.1 Introdu
tionA 
harged tra
k in the magneti
 �eld, is 
onsidered as a helix whose parameterizationis des
ribed thoroughly in Appendix D.1. In order to des
ribe the traje
tory of the
harged parti
le's tra
k, one 
an use the following set of equations that des
ribe thehelix 
oordinates, des
ribed by (4.1).
x(s) = x0 +

1

κ
[cos(Φ0 + hsκ cosλ) − cos Φ0]

y(s) = y0 +
1

κ
[sin(Φ0 + hsκ cosλ) − sin Φ0] (4.1)

z(s) = z0 + s sinλIn (4.1) the following values are used.
s is the path length along the helix;
x0, y0 and z0 is the starting point at s = s0 = 0;
λ is the dip angle;
κ is the 
urvature, i.e. κ =

1

R
, and R let be the radius of the helix in the xy plane;83
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B is the z 
omponent of the homogeneous magneti
 �eld ~B = (0, 0, Bz);
q is 
harge of the parti
le in units of positron 
harge; and
h is the sense of rotation of the proje
ted helix in the xy (bending) plane.The notion of helix is of great importan
e, sin
e it is used in order to 
al
ulate thedistan
e of 
losest approa
h between two tra
ks and therefore dedu
e the point of these
ondary vertex. The method is explained in detail in Se
tion 4.2. In the followingparagraphs, the method of mi
rovertexing will be presented. It 
onsists of the methodthat was developed in order to dedu
e the parameters needed for the re
onstru
tion ofthe D0 de
ay. The most fundamental parameters are listed below.i. The distan
e of 
losest approa
h, denoted by DCA, between the two daughterparti
les' tra
ks;ii. the se
ondary vertex 
oordinates, de�ned as the point where the D0 de
ay takespla
e;iii. the de
ay length of D0, de�ned as the distan
e between the primary and these
ondary verti
es;iv. the distan
e of 
losest approa
h of the D0 to the primary vertex; andv. the distan
e of 
losest approa
h of daughter parti
les (K, π) to the primary vertex.As it will be later shown, these variables will be used as a powerful tool in per-forming the adequate 
uts needed for the topologi
al re
onstru
tion of the D0 de
ay.In addition, we refer that there exists a set of subsequent variables, that are derivedfrom the above ones. The des
ription of these variables, along with the re
onstru
tionmethod is the main topi
 of the dis
ussion of Se
tion 4.2. Let us also mention that forthe mi
rovertexing 
al
ulation, the global tra
ks are used as opposed to the primarystated in Appendix E.4.2 The Cal
ulation of the Mi
rovertexing VariablesIn the mi
rovertexing algorithm, the most 
ru
ial step is the determination of thedistan
e of the 
losest approa
h (DCA) between the daughter parti
les. A detaileddes
ription of the method for the analyti
al 
al
ulation of the DCA between two tra
ks
t1, t2 (heli
es) 
an be found in Appendix D.4. We also 
onsider a priori the geometri
almiddle of the DCA between the two tra
ks to be the point of the se
ondary vertex,whi
h is de�ned as the point when the D0 de
ay takes pla
e. On
e the spe
i�
 pointis lo
alized, and with the prior knowledge of the primary vertex 
oordinates, on an



4.2 The Cal
ulation of the Mi
rovertexing Variables 85event-by-event basis, we 
an pro
eed with the 
al
ulation of the de
ay length of the D0
andidate. In Figure 4.1 it is shown a s
hemati
 depi
tion of a D0 de
ay along withthe traje
tories of the daughter tra
ks (t1 and t2) in the transverse plane (r�φ). In thesame Figure 4.1, it is marked also the primary and the se
ondary vertex, as well as theDCA of daughter tra
ks to the primary vertex.
A B

!PA
!PB

C

O
F G

H
I

(t1) (t2)Fig. 4.1: Cartoon depi
ting the detail of the D0 de
ay along with the mi
rovertexing parameters.In parti
ular, let us 
onsider:
O to be the point of the primary vertex;
C to be the point of the se
ondary vertex;
~OC to be the ve
torial de
ay length of the Kπ pair;
| ~AB| to be the DCA between the daughters;
| ~OF |, (| ~OG|) to be the DCA of the t1, (t2) tra
k to the primary vertex, d1

0, using astraight line approximation (in the absen
e of magneti
 �eld);
| ~OI|, (| ~OH|) to be the DCA of the t1, (t2) tra
k to the primary vertex, extrapolatingthe helix t1, (t2) in the magneti
 �eld;
~PA, (~PB) to be the momentum of the t1, (t2), tangent to the point A, (B);
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~AF to be the ve
tor pointing towards the primary vertex, opposite in dire
tion to the

~PA and with magnitude the distan
e of the de
ay point A and the point of 
losestapproa
h F (to the primary vertex);
~BG to be the ve
tor pointing towards the primary vertex, opposite in dire
tion to the

~PB and with magnitude the distan
e of the de
ay point B and the point of 
losestapproa
h G (to the primary vertex);
cos θpointing with θpointing let be the angle between the D0 �ight line ( ~OC) and itsre
onstru
ted momentum ~PD0 as 
al
ulated by (4.2), a sket
h of this variable
ombining the momentum and the de
ay length, is shown in Figure 4.4; andDCAD0 to be the DCA of the D0 re
onstru
ted parent parti
le to the primary vertex,whose 
al
ulation is given by (4.3).Furthermore, let us mention that the momentum of ea
h tra
k that is used both inthe mi
rovertexing te
hnique and in the 
al
ulation of the invariant mass, is being
al
ulated by propagating the tra
k using the helix method in the DCA between tra
ksas stated in Appendix D.2. In addition, 
on
erning the 
al
ulation of the θpointing,sin
e the D0 is a neutral parti
le, its momentum is not a�e
ted by the presen
e ofthe magneti
 �eld, hen
e a straight line extrapolation of the parent momentum ~PD0 =
~PA + ~PB to the primary vertex is 
onsidered.

cos θpointing =
~OC · (~PA + ~PB)

| ~OC| · |~PA + ~PB|
(4.2)Therefore the distan
e of 
losest approa
h of the parent is given by (4.3).DCAD0 = | ~OC| · sin θpointing (4.3)Finally, let us also make a note that the position ve
tors ~OA and ~OB with respe
t tothe primary vertex 
an be 
al
ulated simply by subtra
ting from ea
h position ve
tor�with respe
t to the origin of the axis (x0, y0, z0)�the ve
tor of the primary vertex: ~KO.In parti
ular by 
onsidering ~KO, ~KA and ~KB, the ve
tor of primary vertex, of the �rst(t1) and the se
ond tra
k (t2)�with respe
t to the (x0, y0, z0)�the relations betweenthe two referen
e frames be
ome:

~OA = ~KA− ~KO (4.4)
~OB = ~KB − ~KO (4.5)
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!ψ

!ξ

φ2

!ξ!ψ

φ1

!PK !Pπ

C

G

F

O

A

B

Fig. 4.2: Cartoon depi
ting the angle φ2 between the planes of the de
ay daughters and the angle
φ1 between the normal ve
tors.4.2.1 The Coplanarity of the De
ay DaughtersLet us 
onsider the triangles OAF for the t1 tra
k and OGB for the tra
k t2, as shownin Figure 4.1. Ea
h triangle, 
orresponds to the plane that the momentum ~p and the

~DCA lay on, for ea
h daughter.A 
ut that allows to determine a possible D0 
andidate, is the demand whetherthe momentum of the Kπ pair points ba
k to the primary vertex. In parti
ular, we
an examine the relative positions of the points F,G of 
losest approa
h of the twodaughter parti
les, with respe
t to the primary vertex. By introdu
ing the following
ross produ
ts
~ψ ≡ ~OF × ~AF (4.6)
~ξ ≡ ~OG× ~BG (4.7)we de�ne the normal ve
tors of the planes OFA and OGB. Let us also de�ne the anglebetween these two planes as φ2 and the angle between the normal ve
tors as φ1, as 
anbe seen in Figure 4.2. It is 
learly seen that φ1 and φ2 are supplementary angles. Also:
φ1 ≡ arccos

~ψ · ~ξ
|~ψ| · |~ξ|

(4.8)The angle between the planes therefore is given by the relation φ2 = π − φ1. It isimportant to note that this angle is not the angle between the ve
tors ~OF and ~OG.We 
an distinguish whi
h Kπ pair is likely to emerge from a D0 de
ay, by introdu
inga 
ut on the angle φ2.The Angle Between the Daughter PlanesThe demand for this angle to be 0 < φ2 < π/2, explaining that daughter parti
lesemerging from a D0 de
ay, need to lay in separate spa
es separated by the ~OC (�ight
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hniqueline of the D0). We 
an dis
riminate the possible D0 
andidate pairs, by imposing su
ha 
ut as it will be later dis
ussed. In parti
ular, two 
ases are distinguishable:i. When the points of 
losest approa
h F,G lay on opposite sides with respe
t to the�ight line ~OC as it is shown in Figure 4.3(a); andii. when the points of 
losest approa
h F,G for both daughter tra
ks, lay on the sameside of the ~OC (the pair �ight line) as 
an be seen in Figure 4.3(b).
O

F

G

!PA

!PB
C

φ2

!ψ

!ξ

A

B

(a) O

F

G

!PA
!PB

C

φ2

!ψ !ξ

A B

(b)Fig. 4.3: Cartoon of Kπ daughters plane. The angle between the two planes is φ2 >
π

2
(a)and φ2 <

π

2
(b).4.2.2 The Angle θpointingAfter the re
onstru
tion of the parent momentum ~PD0 as well as the parent �ight line

~OC, the θpointing is de�ned as the angle between ~OC, ~PD0, as 
an be seen in Figure 4.4.A 
ut on the cos θpointing 
an be imposed, having in mind that for a the D0 signal, themomentum is 
ollinear with the �ight line ~OC, yielding cos θpointing ∼ 1, as it will bepresented from the MC study, (
f. Se
tion 5.5.5).4.2.3 The Angle θ∗Let us 
onsider the de
ay of the D0 both in the lab frame and the D0 rest frame. Inthe latter frame, the two daughters are emitted in a ba
k-to-ba
k 
orrelation, be
auseof the 
onservation of the 4-momenta. The momentum of one of the daughters is ~p ′in the D0 rest frame. Let also denote by ~v the dire
tion of emission of the D0 in thelaboratory frame. Therefore the angle between ~p ′ and ~v is the θ∗ of that parti
le as seenin Figure 4.4. In Appendix A.3 it is explained the exa
t pro
edure of the 
al
ulationof the angle θ∗.



4.2 The Cal
ulation of the Mi
rovertexing Variables 89
!PD0

θpointing

O

C

θ
∗

K

!PD0

!PKFig. 4.4: Left : Cartoon depi
ting the angle θpointing for the re
onstru
ted D0 de�ned as the anglebetween the re
onstru
ted parent momentum and the �ight line. Right : Cartoon of the
θ∗ for the kaon tra
k. In the dotted line the parent momentum in the laboratory referen
eframe is denoted. In the 
enter of mass, both daughter parti
les are emitted in ba
k toba
k orientation.4.2.4 The Cal
ulation of DCAxy and DCAzDuring the event re
onstru
tion, ea
h tra
k is propagated towards the primary ver-texand a 
onse
utive �t is performed. The distan
e of the 
losest approa
h of the tra
ktraje
tory and the event's primary vertex, is denoted by DCAxy (in the transverseplane) and in a similar manner the DCAz is 
al
ulated along the z-axis. For ea
hvalue of the DCAxy, DCAz the adequate error is being given, denoted by σDCAxy and

σDCAz. The total (global) DCAG of the tra
k in 3�D is given by (4.10). The reasonfor this 
ut to be applied that in order to sele
t the tra
ks that have a large probabilityto have been generated at the primary vertex.DCAg =

√DCA2xy + DCA2z (4.9)It is of extreme importan
e to 
arefully perform a 
ut on a maximum value of theglobal DCA. In parti
ular we 
onsiderDCAg < 1.5 cm (4.10)The distributions of the DCA along with the resolutions σDCA (both in r�φ) as wellas the ratio DCA
σDCA are plotted in Figures 4.5 (a)�(f) for the Cu+Cu (2005) run and inFigures 4.6 (a)�(f) for the Au+Au (2007) run.
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(a) (b)
(
) (d)
(e) (f)Fig. 4.5: Distributions of DCAxy (a), DCAz (b), σDCAxy (
), σDCAz (d), DCAxy

σDCAxy (e) and DCAz
σDCAz(f). All plots 
orrenspond to tra
ks for various SVT+SSD=0 (bla
k), 1 (blue), 2 (green),3 (red) and 4 (magenta) hits. Taken from the Cu+Cu at √snn = 200 GeV (High Tower)(run V).
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(a) (b)
(
) (d)
(e) (f)Fig. 4.6: Distributions of DCAxy (a), DCAz (b), σDCAxy (
), σDCAz (d), DCAxy

σDCAxy (e) and DCAz
σDCAz(f). All plots 
orrenspond to tra
ks for various SVT+SSD=0 (bla
k), 1 (blue), 2 (green),3 (red) and 4 (magenta) hits. Taken from the Au+Au at √snn = 200 GeV (Btag) (runVII).
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rovertexing Te
hnique4.2.5 The Produ
ts DCA1xy ·DCA2xy and dxy,10 · dxy,20The 
al
ulation of the DCA is performed by extrapolating the momentum of the tra
ke.g. ~PA, 
al
ulated at point A to the primary vertex and 
al
ulating at that point theDCA. As shown in Figure 4.1, the 
al
ulation of the ~OI and ~OH is being performedtaking into a

ount the magneti
 �eld and propagating the helix till the point of 
losestapproa
h to the primary vertex. From now on, we shall refer to the ~OH by the DCAxyand DCAz, the transverse and z-
omponent of the DCA.However, for the ~OG we 
onsider a rather straight line propagation to the primaryvertex. The latter parameter will be denoted from now on, as the impa
t parameter
d0. It is 
lear that for high-pt parti
les, the length of the sagitta approa
hes the nullvalue, (Appendix B.2) therefore both DCAxy and dxy

0 for ea
h tra
k tend to 
oin
ide.We sele
t the transverse pro�le of the DCA to primary vertex for ea
h tra
k, 
reatinga useful variable that will be used as a 
ut. The produ
ts Π1 and Π2 are de�ned as theinner produ
t of the transverse DCA of the tra
ks to the primary vertex of ea
h Kπpair.
Π1 ≡ DCAKxy ·DCAπxy (4.11)
Π2 ≡ dxy,K

0 · dxy,π
0 (4.12)4.3 The Resolution of the DCA in Tra
kingIn 
ylindri
al 
oordinates, given the error on the measurement in the r, φ plane is σrφthe error for the tra
king with momentum pt [Ferbel 87℄ is given by (4.13).

σpt
pt =

pt · σrφ

0.3 · B · L2

√

720

N + 4
(4.13)In (4.13), B is the magneti
 �eld measured in [T], L is the range of the tra
k in [m]and by N is denoted the number of points that were used to measure the tra
k, in auniform spa
ing among them. The error on the angle θ given the error σz , is 
al
ulatedby (4.14).

σθ =
σZ

L

√

12(N − 1)

N(N + 1)
(4.14)4.3.1 The Multiple Coulomb S
atteringWhen a 
harged parti
le traverses a thin medium, then it is de�e
ted by many smallangle s
atters. The Coulomb for
e from the nu
lei is mainly responsible for su
h a de-�e
tion, therefore the name Multiple Coulomb s
attering (MCS). However for hadroni
proje
tiles, the strong intera
tion 
ontributes to the total multiple s
attering, as well.
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king 93In parti
ular we 
an 
onsider that the de�e
tion angle θ0 [Amsler 08℄ is related to themomentum p of the parti
le via (4.15).
θ0 =

13.6 [MeV]

βcp
z
√

x/X0

(

1 + 0.038 ln
x

X0

) (4.15)In (4.15) the z in the 
harge of the in
ident parti
le and x
X0

refer to the target mediumthi
kness expressed in radiation lengths X0. Let us also note that (4.15) is valid upto 11% for 10−3 < x
X0

< 102 and single 
harged in
ident parti
le (with β = 1) and all
Z of target material. Taking the MCS under 
onsideration and for a given material,it is only proportional to the p−1 of the tra
k. In addition to the measurement error(4.13)�(4.14), there exists also error due to the MCS e�e
t [Ferbel 87℄. Taking intoa

ount, for the transverse plane is:

σMCS
pt
pt =

0.05

BL

√

1.43
L

X0
(4.16)and for the θ 
omponent resolution due to the same e�e
t, is:

σMCS
θ =

0.015√
3 p

√

L

X0

(4.17)It is 
lear from (4.13)�(4.17) that the momentum resolution improves with L2 and B,whereas with the in
rease of N it only improves by √
N . For a total resolution we 
an
onsider that the σ of tra
king for a tra
k with momentum p is given by the followingformula

σ(p) =

√

a2 +
b2

p2
(4.18)with the �rst term in
orporates the measurement error, and the se
ond term re�e
tsthe MCS. In STAR experiment, it is expe
ted that in r�φ plane, the tra
king to havea better resolution [Fisyak 07℄ than in the z dimension. In Figures 4.7: (a)�(d) theresolution in both in r�φ and z is plotted as a fun
tion of p−1 for the two datasets:Cu+Cu (run V) and Au+Au (run VII) at √snn = 200 GeV. In order to 
onstru
t the
urrent 2�D distributions, we 
onsider or a given p interval and �xed number of hitsof the tra
ks, SVT+SSD = C where C < 5, C ∈ Z, the distributions of the σDCAxyand σDCAz are being plotted in 1�D distributions. The mean value x̄ (4.19) of ea
hdistribution, along with the adequate error (4.20), are 
orrelated for the 
orresponding

∆p−1 bin and for a �xed C.
x̄ =

1

N

N
∑

i

xi (4.19)
σ =

√

√

√

√

1

N − 1

N
∑

i

(xi − x̄)2 (4.20)



94 4. Mi
rovertexing Te
hniqueThe typi
al values for the resolution both in r�φ and z 
ylindri
al 
omponents, fortra
ks with momentum of p = 1 GeV/c are summarized in Table 4.1. The overallresolution distributions (both transverse and z 
omponents), as a fun
tion of the in-verse momentum p−1, are shown in Figure 4.7 both for the Cu+Cu (run V) and theAu+Au (run VII) at √snn = 200 GeV datasets.
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(d)Fig. 4.7: Tra
king resolution in r-φ (a) and z (b) as a fun
tion of p−1 for tra
ks withSVT+SSD=0 (red), 1(green), 2(blue), 3(magenta) and 4(bla
k) hits. Plots (a) and (b)
reated with Cu+Cu at √
snn = 200 GeV (High Tower) data, (
) and (d) 
reated withAu+Au at √

snn = 200 GeV (Btag) data. The bla
k line indi
ates the p = 1 GeV/c.Verti
al error bars re�e
t the statisti
al error.
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Tab. 4.1: Resolution of DCAxy and DCAz values 
al
ulated at p = 1 GeV/c for variousSVT+SSD 
ases, shown in Figure 4.7. Taken from Cu+Cu at √
snn = 200 GeV (runV), (High Tower) and Au+Au at √snn = 200 GeV (run VII) (Btag) data. All errors arestatisti
al.SVT+SSD hits σDCAxy [µm] σDCAz [µm]Cu+Cu0 1983.92 ± 0.27 1304.3 ± 0.131 596.48 ± 0.15 830.13 ± 0.092 203.03 ± 0.05 201.80 ± 0.073 167.64 ± 0.07 116.73 ± 0.064 156.04 ± 0.14 101.89 ± 0.07Au+Au0 2248.93 ± 0.96 2117.61 ± 0.681 900.66 ± 0.54 1430.63 ± 0.862 272.00 ± 0.16 379.71 ± 0.323 201.25 ± 0.16 240.00 ± 0.274 163.52 ± 0.38 195.11 ± 0.58
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Chapter 5Simulation StudyThe main subje
t of the 
urrent 
hapter, is the simulation study of the de
ay propertiesof D0 → K−π+. The goal is to obtain a study on the de
ay topologi
al properties. Themi
rovertexing 
ode is applied on the simulation sample allowing the 
omparison betweenre
onstru
ted and initial values. Also a 
omparison of the simulation and the data isperformed, in the �nal se
tions allowing a 
ut study on the mi
rovertexing variables. Thelatter study allows the extra
tion of the set of optimized values for the 
uts that will belater applied on the data sample, allowing us to perform the D0 analysis.5.1 Introdu
tionThe STARSIM [Potekhin 06, Perevozt
hikov 10℄ simulation interfa
e is a frameworkdesigned for the STAR dete
tor using the GEANT [Apostolakis 93℄ simulation pa
kage.It 
an simulate the geometry of di�erent subsystems of the STAR dete
tor, as wellas parti
le generation. Using the STARSIM simulation pa
kage a pure D0 signal isgenerated with the following properties. A total of approximately 4· 105 events, withea
h event 
ontaining 1 D0 that de
ays only in the hadroni
 
hannel K−π+. Thedaughter parti
les are then propagated through the ensemble of the material of STARdete
tor for the year 2005, denoted by the geometry tag: y2005g [Didenko 10℄. Ea
hevent is generated within 30 ≤ z − vertex ≤ 30 [cm], as shown in Figure 5.1. Thedaughter tra
ks span within the η ∈ [−1, 1] area in pseudorapidity, and full azimuth
overage φ ∈ [−π, π] as 
an be seen in Figure 5.2. The tra
ks' distan
e of 
losestapproa
h to the primary vertex both in the bending plane and in z dire
tion: DCAxyand DCAz, 
an be seen in Figure 5.2. Finally the invariant mass of D0 with theadequate gaussian �t 
an be seen in Figure 5.5. No further ba
kground subtra
tionwas needed to be performed. 97
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ase. Right : Correlation of distan
es of 
losest approa
h to theprimary vertex (DCAxy vs. DCAz) for the daughter parti
les of the D0 → K−π+ de
ay.Plots 
reated from simulation data.



5.2 The STARSIM Initial Values 995.2 The STARSIM Initial ValuesThe initial values of the de
ay parti
les were also introdu
ed in the STARSIM. Inparti
ular we present the initial de
ay length in Figure 5.3 (left side), as well as theinitial pt distribution as shown in Figure 5.3 (right side) for the η of theD0 (Figure 5.4).
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Fig. 5.4: Pseudorapidity distribution of a pure D0 signal 
reated with STARSIM simulationpa
kage.
5.3 The Tra
king ResolutionThe daughter tra
ks 
oming from the D0 → K−π+ are extrapolated to the pri-mary vertex and the distan
es: DCAxy and DCAz are 
al
ulated, along with theirerrors (σDCAxy and σDCAz). In Figure 5.6 it is presented the resolution of thetra
king in the transverse plane (σDCAxy) and z-
omponent (σDCAz). The methodthat is applied in order to perform the study, is identi
al to the one applied on the
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Fig. 5.5: Simulation of D0 → K−π+ invariant mass yield along with gaussian �t (green line)yielding the mean value of 1.858 GeV/c2 and σ = 12 MeV/c2.Cu+Cu and Au+Au datasets, as des
ribed in Se
tion 4.3. Finally the values of boththe tra
king resolutions σDCAxy and σDCAz for tra
ks with p = 1 GeV/c and forvarious SVT+SSD hits are shown in Table 5.1. The distributions of the resolutions asa fun
tion of the inverse momentum, p−1 of tra
ks and for various SVT+SSD 
ases,respe
ting (4.15), is presented in Figure 5.6.
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Fig. 5.6: Tra
king resolution as a fun
tion of p−1 in r�φ (left) and z (right) 
omponents. Takenfrom simulation with geometry y2005g. The bla
k line indi
ates the p = 1 GeV/c. Verti
alerror bars re�e
t the statisti
al error.5.4 The Mi
rovertexing Method Appli
ation onMonteCarloIn order to 
ompare the results of the mi
rovertexing method on data and MonteCarlo, we 
an plot the relative di�eren
e of the value of ea
h variable re
onstru
ted(denoted by the tag RECO) by the mi
rovertexing te
hnique and the initial valuesof the simulation (denoted by the tag GEANT). After generating the pure D0 signaland for
ing it to de
ay only in the hadroni
 
hannel D0 → K−π+ we 
an extra
t



5.4 The Mi
rovertexing Method Appli
ation on Monte Carlo 101Tab. 5.1: Resolution of DCAxy and DCAz values 
al
ulated at p = 1 GeV/c for variousSVT+SSD 
ases. Taken from simulation with geometry y2005g. All errors are statisti
al.SVT+SSD hits σDCAxy [µm] σDCAz [µm]0 1839.64 ± 10.34 1247.61± 4.031 535.64 ± 2.88 861.27 ± 1.682 210.33 ± 1.48 249.98 ± 1.693 162.36 ± 0.83 119.26 ± 0.674 139.15 ± 0.71 95.87 ± 0.36the information of the kinemati
s of daughter parti
les, su
h as the momentum. Bypropagating the daughter parti
les through the STAR dete
tor material, we apply there
onstru
tion 
ode, that 
ontains the mi
rovertexing te
hnique. For every pair ofnegative and positive tra
ks, the se
ondary vertex (the point that the D0 de
ay takespla
e), as well as the de
ay length are being 
al
ulated using the method des
ribedin Se
tion 4.2. The information is stored on an event by event basis and the valuesobtained are 
ompared to the initial GEANT values. We present this 
omparison forthe following mi
rovertexing variables as a di�eren
e between the re
onstru
ted andinitial values: ∆L ≡ GEANT − RECO. Let also note that the primary vertex is not
al
ulated but rather extra
ted from the event information and plotted in order toguarantee that the values obtained belong to the same event.i. The di�eren
e between the values of primary vertex in x, y and z, as shown inFigure 5.7. Let us note that the only reason the 
omparison for the primary vertexis performed is to make sure that the variables 
orresponding to the same eventsare 
ompared ea
h time;ii. the di�eren
e between the values of se
ondary vertex in x, y and z, shown inFigure 5.9; andiii. the di�eren
e between the values of de
ay length vertex in x, y and z, shown inFigure 5.11.In addition a 
orrelation of RECO�GEANT as a two dimensional plot is also presented:i. The values of the primary vertex in x, y and z, obtained by GEANT vs. there
onstru
ted (RECO) ones, as shown in Figure 5.8;ii. the se
ondary vertex in x, y and z shown in Figure 5.10; andiii. the de
ay length in x, y and z, shown in Figure 5.12.
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108 5. Simulation Study5.4.1 The Impa
t of the Sili
on Hits on the Mi
rovertexingVariablesIn order to investigate the impa
t of the in
lusion of the Si hits in the tra
ks, weperform the following 
ut. By demanding expli
itly for every tra
k to 
omply with the
ut SVT+SSD=n (where n=0�4), we 
al
ulate distributions of the:i. The DCA between the daughter tra
ks shown in Figure 5.13 (a);ii. the de
ay length of D0 as seen in Figure 5.13 (b); andiii. the DCA of D0 to primary vertex shown in Figure 5.13 (
).The 
al
ulation of the D0 DCA is performed by taking into 
onsideration the straightline extrapolation, using (4.3). As it will be later shown in Se
tion 5.5, the 
ut on thetotal SVT+SSD hits of a tra
k has an impa
t on the re
onstru
tion of the mi
rovertex-ing variables. In Table 5.2 the mean values of the re
onstru
ted mi
rovertexing vari-ables extra
ted from the MC dataset are summarized.Tab. 5.2: Mean values of the mi
rovertexing variables for various SVT+SSD=0�4 
ases.Data is taken from simulation.
@

@
@@

variables
[cm]Si hits DCA De
ay length DCA of D0between of D0 todaughters primary vertex0 0.202 0.280 0.2201 0.114 0.172 0.1242 0.073 0.114 0.0803 0.058 0.090 0.0634 0.048 0.076 0.052
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ay length (b) andDCA of D0 to primary vertex (
). All plots are normalized to their total number ofentries. Data is taken from simulation.
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onstru
ted Mi
rovertexing Values Cut StudyIn order to tune up the 
uts that will be later used for the analysis and �nd the optimal
uts for the re
onstru
tion of the D0, a 
ut study is being performed on the simulationsample, and in parti
ular examining the mi
rovertexing variables, 
f. Se
tion 4.2. Let us
onsider the distribution of the variable a both in the MC and data. The MC values ofthat variable (denoted by amc) 
an be 
onsidered as the signal (S ) and the Cu+Cu datavalues (denoted by adata) 
an also be 
onsidered as the ba
kground (B). Both variablesare presented in one dimensional da
dN

distributions, with their integral normalized tounity (e.g. Figure 5.14 (a) for the DCA between tra
ks). The goal of the 
urrent studyis to investigate the impa
t of an in
lusive 
ut (keeping the region of ∆a ≡ [a1, a2]) onthe S and B distributions. For this reason, we investigate the variation of the (5.1) inthe pre-determined interval ∆a. In addition we examine the variation of both the S
Band the S√

B
in the predetermined interval. Finally, the survival per
entage (denotedby SP ); ergo the per
entage 
ontained of the variable for ea
h data sample (MC anddata) in the range ∆a is also presented for every mi
rovertexing variable.

S ≡
∫ a2

a1

damc

dN
dN (5.1)

B ≡
∫ a2

a1

dadata

dN
dNIn addition, the in
lusion of the Si hits of ea
h tra
k in the 
al
ulation of the mi
rover-texing variables, is investigated by repeating the study for the various SVT+SSD 
ases.The MC dataset that is used for the 
urrent des
ribed in Se
tion 5.1. For the data
omparison we used the Cu+Cu at √snn = 200 GeV, High Tower trigger setup dataset,(
f. Chapter 6). The 
al
ulation of the variables both for MC and real data is doneusing the same te
hnique as des
ribed in Se
tion 4.2. Additionally, two regions will be
onsidered: [0, 1] (cm) and [0, 0.1] (cm). The following variables are used to performthis 
ut study.i. The distan
e of 
losest approa
h (DCA) between the daughters;ii. the de
ay length of the Kπ pair; andiii. the re
onstru
ted DCA of the D0 (parent parti
le) with respe
t to the primaryvertex.
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onstru
ted Mi
rovertexing Values Cut Study 1115.5.1 The S/B Study for SVT+SSD>0 hitsWe begin the S/B variation study by 
onsidering the 
ase where all the tra
ks usedfor this study have a total number of sili
on hits SVT+SSD> 0. We sele
t the region
[0, 1] (cm) and the variation of the S and B is examined with a step of 0.1 cm. We willinsist on the region [0, 0.1] cm by varying the ratios S/B, S/√B , with a more �ne stepof 0.01 cm.The Range of Study [0, 1] cmIn Table 5.3 the values of S and B along with the ratios S/B and S/√B for ea
h mi-
rovertexing variable are summarized for the ∆a = [0, 1] (cm) range. Also the survivalper
entage (SP ) in the range ∆a is also presented for every mi
rovertexing variablein (b), as well as the ratios S/B (
) and S/√B (d). In parti
ular, the DCA betweendaughter tra
ks is plotted in Figures 5.14, the D0 de
ay length in Figures 5.15 and the
D0 DCA to the primary vertex in Figures 5.16.
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ay length S/B variation study for SVT+SSD>0, in the range [0, 1] (cm). Nor-malized distribution of S and B (a), survival per
entage per value range (b), ratio S/B(
) and S/√B (d).
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Tab. 5.3: S/B variation of mi
rovertexing variables in the [0, 1] (cm) range, for SVT+SSD>0 hits of ea
h tra
k.
@

@
@@

range (cm)variables [0, 0.1] [0, 0.2] [0, 0.3] [0, 0.4] [0, 0.5] [0, 0.6] [0, 0.7] [0, 0.8] [0, 0.9] [0, 1.0]

S 0.790 0.944 0.978 0.988 0.992 0.994 0.995 0.996 0.997 0.997DCA B 0.455 0.656 0.755 0.813 0.849 0.876 0.896 0.911 0.924 0.933between tra
ks S/B 1.737 1.437 1.294 1.216 1.167 1.134 1.110 1.092 1.078 1.068

S/
√
B 1.171 1.166 1.126 1.096 1.077 1.062 1.051 1.044 1.037 1.032

S 0.652 0.867 0.928 0.953 0.966 0.973 0.978 0.982 0.984 0.986

D0 B 0.265 0.496 0.620 0.696 0.746 0.782 0.811 0.833 0.852 0.866de
ay length S/B 2.466 1.748 1.495 1.369 1.295 1.243 1.206 1.177 1.155 1.138

S/
√
B 1.267 1.231 1.179 1.142 1.118 1.100 1.086 1.076 1.066 1.060

S 0.797 0.943 0.973 0.984 0.989 0.992 0.994 0.995 0.995 0.996

D0 DCA to B 0.459 0.682 0.779 0.833 0.869 0.894 0.913 0.929 0.941 0.950primary vertex S/B 1.736 1.382 1.248 1.180 1.139 1.109 1.087 1.071 1.057 1.048

S/
√
B 1.176 1.142 1.102 1.078 1.061 1.049 1.040 1.032 1.026 1.022
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(d)Fig. 5.16: D0 DCA to primary vertex S/B variation study for SVT+SSD>0, in the range [0, 1] cm.Normalized distribution of S and B (a), survival per
entage per value range (b), ratio
S/B (
) and S/√B (d).
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rovertexing Values Cut Study 115Range of Study [0, 0.1] cmFor the spe
i�
 range interval, the values of S and B along with the ratios S/B and
S/

√
B for ea
h mi
rovertexing variable are summarized for the ∆a = [0, 0.1] (cm)range in Table 5.4. Con
erning the graphi
al part, for every Figure the raw distri-butions are given in (a), the SP in (b), along with both S/B in (
) and S/

√
B in(d). In Figures 5.17 the plots referring to the DCA between daughter tra
ks are pre-sented. For the D0 de
ay length the plots are given in Figures 5.18. Finally for the D0DCA to the primary vertex the plots are found in Figures 5.19.
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(d)Fig. 5.17: DCA between tra
ks S/B variation study for SVT+SSD>0, in the range [0, 0.1] (cm).Normalized distributions of S and B (a), survival per
entage per value range (b), ratio
S/B (
) and S/√B (d).
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(d)Fig. 5.18: D0 De
ay length S/B variation study for SVT+SSD>0 in the range [0, 0.1] (cm). Nor-malized distribution of S and B (a), survival per
entage per value range (b), ratio S/B(
) and S/√B (d).
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Tab. 5.4: S/B variation of mi
rovertexing variables for di�erent ranges in the [0, 0.09] (cm) and SVT+SSD>0 hits of ea
h tra
k.
@

@
@@

range (cm)variables [0, 0.01] [0, 0.02] [0, 0.03] [0, 0.04] [0, 0.05] [0, 0.06] [0, 0.07] [0, 0.08] [0, 0.09]

S 0.153 0.286 0.398 0.490 0.565 0.626 0.678 0.722 0.758DCA B 0.061 0.118 0.172 0.223 0.270 0.313 0.353 0.391 0.424between tra
ks S/B 2.508 2.419 2.310 2.196 2.091 1.990 1.918 1.848 1.788

S/
√
B 0.619 0.832 0.959 1.037 1.087 1.118 1.141 1.155 1.164

S 0.016 0.080 0.173 0.267 0.354 0.433 0.500 0.561 0.609

D0 B 0.002 0.012 0.033 0.062 0.095 0.129 0.165 0.199 0.232de
ay length S/B 8.000 6.666 5.242 4.300 3.732 3.355 3.030 2.811 2.618

S/
√
B 0.357 0.730 0.952 1.072 1.148 1.205 1.230 1.258 1.264

S 0.074 0.204 0.333 0.442 0.533 0.607 0.669 0.719 0.760

D0 DCA to B 0.018 0.059 0.114 0.172 0.229 0.283 0.332 0.378 0.419primary vertex S/B 4.111 3.413 2.925 2.568 2.326 2.145 2.010 1.902 1.813

S/
√
B 0.551 0.839 0.986 1.065 1.113 1.141 1.161 1.169 1.174
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(d)Fig. 5.19: D0 DCA to primary vertex S/B variation study for SVT+SSD>0, in the range
[0, 0.1] (cm). Normalized distribution of S and B (a), survival per
entage per valuerange (b), ratio S/B (
) and S/√B (d).
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rovertexing Values Cut Study 1195.5.2 The S/B Study for SVT+SSD>1 hitsThe Range of Study [0, 1] cmIn Table 5.5 the values are summarized in the interval ∆a = [0, 1] (cm) and B alongwith the variation of S/B and S/
√
B in a given range. Con
erning the graphi
alpart, for every Figure the raw distributions are given in (a), the SP in (b), along withboth S/B in (
) and S/√B in (d). The DCA between tra
ks is shown in Figure 5.20,the D0 de
ay length in Figure 5.21 and �nally the D0 DCA to the primary vertex inFigure 5.22.
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(d)Fig. 5.20: DCA between tra
ks S/B variation study for SVT+SSD>1, in the range [0, 1] (cm).Normalized distribution of S and B (a), survival per
entage per value range (b), ratio
S/B (
) and S/√B (d).
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(d)Fig. 5.21: D0 de
ay length S/B variation study for SVT+SSD>1, in the range [0, 1] (cm). Nor-malized distribution of S and B (a), survival per
entage per value range (b), ratio S/B(
) and S/√B (d).
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Tab. 5.5: S/B variation of mi
rovertexing variables in the [0, 1] (cm) range, for SVT+SSD>1 hits for ea
h tra
k.
@

@
@@

range (cm)variables [0, 0.1] [0, 0.2] [0, 0.3] [0, 0.4] [0, 0.5] [0, 0.6] [0, 0.7] [0, 0.8] [0, 0.9] [0, 1.0]

S 0.941 0.990 0.996 0.998 0.998 0.999 0.999 0.999 0.999 0.999DCA B 0.591 0.766 0.832 0.868 0.891 0.909 0.923 0.933 0.942 0.949between tra
ks S/B 1.591 1.293 1.197 1.150 1.120 1.098 1.082 1.070 1.059 1.052

S/
√
B 1.224 1.131 1.091 1.071 1.057 1.047 1.039 1.034 1.029 1.025

S 0.852 0.956 0.978 0.987 0.990 0.992 0.994 0.995 0.996 0.996

D0 B 0.413 0.637 0.730 0.781 0.815 0.840 0.860 0.876 0.889 0.899de
ay length S/B 2.061 1.500 1.340 1.261 1.210 1.180 1.155 1.135 1.120 1.108

S/
√
B 1.326 1.197 1.145 1.116 1.096 1.082 1.071 1.063 1.056 1.050

S 0.944 0.990 0.995 0.997 0.998 0.998 0.998 0.998 0.998 0.998

D0 DCA to B 0.628 0.790 0.849 0.882 0.906 0.924 0.939 0.950 0.959 0.966primary vertex S/B 1.502 1.253 1.173 1.129 1.100 1.079 1.063 1.050 1.040 1.033

S/
√
B 1.191 1.114 1.079 1.061 1.049 1.038 1.029 1.024 1.019 1.015
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(d)Fig. 5.22: D0 DCA to primary vertex S/B variation study for SVT+SSD>1, in the range
[0, 0.1] cm. Normalized distribution of S and B (a), survival per
entage per value range(b), ratio S/B (
) and S/√B (d).
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rovertexing Values Cut Study 123Range of Study [0, 0.1] cmFor the spe
i�
 range interval, the values of S and B along with the ratios S/B and
S/

√
B for ea
h mi
rovertexing variable are summarized for the ∆a = [0, 0.1] (cm) rangein Table 5.6. Con
erning the graphi
al part, for every Figure the raw distributionsare given in (a), the SP in (b), along with both S/B in (
) and S/

√
B in (d). InFigures 5.23 the plots referring to the DCA between daughter tra
ks are presented.For the D0 de
ay length the plots are given in Figures 5.24. Finally for the D0 DCA tothe primary vertex the plots are found in Figures 5.25.
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(d)Fig. 5.23: DCA between tra
ks S/B variation study for SVT+SSD>1, in the range [0, 0.1] (cm).Normalized distributions of S and B (a), survival per
entage per value range (b), ratio
S/B (
) and S/√B (d).
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(d)Fig. 5.24: D0 De
ay length S/B variation study for SVT+SSD>1 in the range [0, 0.1] (cm). Nor-malized distribution of S and B (a), survival per
entage per value range (b), ratio S/B(
) and S/√B (d).
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Tab. 5.6: S/B variation of mi
rovertexing variables for di�erent ranges in the [0, 0.09] (cm) and SVT+SSD>1 hits for ea
h tra
k.
@

@
@@

range (cm)variables [0, 0.01] [0, 0.02] [0, 0.03] [0, 0.04] [0, 0.05] [0, 0.06] [0, 0.07] [0, 0.08] [0, 0.09]

S 0.234 0.432 0.583 0.694 0.777 0.834 0.875 0.904 0.925DCA B 0.089 0.170 0.246 0.314 0.376 0.431 0.480 0.522 0.559between tra
ks S/B 2.604 2.530 2.373 2.205 2.062 1.932 1.821 1.730 1.653

S/
√
B 0.784 1.047 1.175 1.239 1.267 1.270 1.262 1.251 1.237

S 0.031 0.152 0.314 0.461 0.579 0.671 0.737 0.787 0.824

D0 B 0.004 0.025 0.065 0.117 0.173 0.229 0.282 0.330 0.374de
ay length S/B 7.750 5.929 4.798 3.920 3.333 2.920 2.609 2.380 2.201

S/
√
B 0.490 0.961 1.231 1.348 1.392 1.402 1.388 1.370 1.347

S 0.137 0.358 0.550 0.682 0.775 0.837 0.880 0.908 0.928

D0 DCA to B 0.033 0.108 0.200 0.291 0.374 0.444 0.504 0.553 0.594primary vertex S/B 4.058 3.295 2.742 2.338 2.072 1.883 1.746 1.641 1.560

S/
√
B 0.754 1.089 1.229 2.343 1.267 1.256 1.240 1.221 1.204
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(d)Fig. 5.25: D0 DCA to primary vertex S/B variation study for SVT+SSD>1, in the range
[0, 0.1] (cm). Normalized distribution of S and B (a), survival per
entage per valuerange (b), ratio S/B (
) and S/√B (d).
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∆a = [0, 1] (cm) range, for tra
ks with SVT+SSD>2. In addition all tra
ks 
omply withthe SVT+SSD>2 sili
on hits tra
k. The DCA between tra
ks is shown in Figure 5.26,the D0 de
ay length in Figure 5.27 and �nally the D0 DCA to the primary vertex inFigure 5.28.
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(d)Fig. 5.26: DCA between tra
ks S/B variation study for SVT+SSD>2, in the range [0, 1] (cm).Normalized distribution of S and B (a), survival per
entage per value range (b), ratio
S/B (
) and S/√B (d).
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(d)Fig. 5.27: D0 de
ay length S/B variation study for SVT+SSD>2, in the range [0, 1] (cm). Nor-malized distribution of S and B (a), survival per
entage per value range (b), ratio S/B(
) and S/√B (d).
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Tab. 5.7: S/B variation of mi
rovertexing variables in the [0, 1] (cm) range, for SVT+SSD>2 hits for ea
h tra
k.
@

@
@@

range (cm)variables [0, 0.1] [0, 0.2] [0, 0.3] [0, 0.4] [0, 0.5] [0, 0.6] [0, 0.7] [0, 0.8] [0, 0.9] [0, 1.0]

S 0.981 0.997 0.998 0.999 0.999 0.999 0.999 0.999 0.999 0.999DCA B 0.711 0.856 0.900 0.921 0.935 0.945 0.953 0.959 0.965 0.969between tra
ks S/B 1.378 1.165 1.100 1.083 1.067 1.056 1.047 1.040 1.035 1.030

S/
√
B 1.163 1.077 1.051 1.040 1.033 1.027 1.023 1.020 1.016 1.015

S 0.910 0.972 0.984 0.990 0.992 0.994 0.995 0.996 0.997 0.997

D0 B 0.534 0.741 0.815 0.853 0.877 0.895 0.907 0.918 0.927 0.933de
ay length S/B 1.703 1.311 1.208 1.159 1.130 1.110 1.096 1.080 1.075 1.068

S/
√
B 1.245 1.129 1.089 1.072 1.059 1.050 1.045 1.040 1.036 1.032

S 0.973 0.995 0.997 0.998 0.999 0.998 0.999 0.998 0.999 0.998

D0 DCA to B 0.763 0.874 0.907 0.927 0.942 0.953 0.961 0.968 0.974 0.979primary vertex S/B 1.280 1.138 1.098 1.076 1.060 1.048 1.039 1.031 1.024 1.020

S/
√
B 1.114 1.064 1.046 1.037 1.029 1.022 1.019 1.014 1.012 1.008



130 5. Simulation Study

 to primary vertex [cm]0DCA of D
0 0.2 0.4 0.6 0.8

 E
nt

rie
s 

[a
.u

.]
N1

0

0.01

0.02

0.03

0.04

0.05

0.06 MC

DATA

(a) DCA of parent to PV: integral range [cm]
[0.0,0.1] [0.0,0.2] [0.0,0.3] [0.0,0.4] [0.0,0.5] [0.0,0.6] [0.0,0.7] [0.0,0.8] [0.0,0.9] [0.0,1.0]

S
ur

vi
va

l p
er

ce
nt

ag
e 

[%
]

0

20

40

60

80

100

MC

DATA

(b)
Decay length: integral range [cm]

[0.0,0.1] [0.0,0.2] [0.0,0.3] [0.0,0.4] [0.0,0.5] [0.0,0.6] [0.0,0.7] [0.0,0.8] [0.0,0.9] [0.0,1.0]

S
/B

1.1

1.2

1.3

1.4

1.5

1.6

1.7

(
) Decay length: integral range [cm]
[0.0,0.1] [0.0,0.2] [0.0,0.3] [0.0,0.4] [0.0,0.5] [0.0,0.6] [0.0,0.7] [0.0,0.8] [0.0,0.9] [0.0,1.0]

B√
S

/

1.05

1.1

1.15

1.2

1.25

(d)Fig. 5.28: D0 DCA to primary vertex S/B variation study for SVT+SSD>2, in the range
[0, 1] (cm). Normalized distribution of S and B (a), survival per
entage per value range(b), ratio S/B (
) and S/√B (d).
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i�
 range interval, the values of S and B along with the ratios S/B and
S/

√
B for ea
h mi
rovertexing variable are summarized for the ∆a = [0, 0.1] (cm) rangein Table 5.8. Con
erning the graphi
al part, for every Figure the raw distributionsare given in (a), the SP in (b), along with both S/B in (
) and S/

√
B in (d). InFigures 5.29 the plots referring to the DCA between daughter tra
ks are presented.For the D0 de
ay length the plots are given in Figures 5.30. Finally for the D0 DCA tothe primary vertex the plots are found in Figures 5.31.

DCA between tracks [cm]
0 0.02 0.04 0.06 0.08 0.1

 E
nt

rie
s 

[a
.u

.]
N1

0

0.01

0.02

0.03

0.04

0.05

0.06 MC

DATA

(a) Decay length: integral range [cm]
[0.00,0.01] [0.00,0.02] [0.00,0.03] [0.00,0.04] [0.00,0.05] [0.00,0.06] [0.00,0.07] [0.00,0.08] [0.00,0.09]

S
ur

vi
va

l p
er

ce
nt

ag
e 

[%
]

0

20

40

60

80

100 MC

DATA

(b)
DCA between tracks: integral range [cm]

[0.00,0.01] [0.00,0.02] [0.00,0.03] [0.00,0.04] [0.00,0.05] [0.00,0.06] [0.00,0.07] [0.00,0.08] [0.00,0.09]

S
/B

1.4

1.6

1.8

2

2.2

2.4

2.6

(
) DCA between tracks: integral range [cm]
[0.00,0.01] [0.00,0.02] [0.00,0.03] [0.00,0.04] [0.00,0.05] [0.00,0.06] [0.00,0.07] [0.00,0.08] [0.00,0.09]

B√
S

/

0.9

0.95

1

1.05

1.1

1.15

1.2

1.25

(d)Fig. 5.29: DCA between tra
ks S/B variation study for SVT+SSD>2, in the range [0, 0.1] (cm).Normalized distributions of S and B (a), survival per
entage per value range (b), ratio
S/B (
) and S/√B (d).
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(d)Fig. 5.30: D0 De
ay length S/B variation study for SVT+SSD>2 in the range [0, 0.1] (cm). Nor-malized distribution of S and B (a), survival per
entage per value range (b), ratio S/B(
) and S/√B (d).
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Tab. 5.8: S/B variation of mi
rovertexing variables for di�erent ranges in the [0, 0.09] (cm) and SVT+SSD>2 hits for ea
h tra
k.
@

@
@@

range (cm)variables [0, 0.01] [0, 0.02] [0, 0.03] [0, 0.04] [0, 0.05] [0, 0.06] [0, 0.07] [0, 0.08] [0, 0.09]

S 0.300 0.534 0.700 0.807 0.880 0.918 0.945 0.962 0.973DCA B 0.118 0.225 0.321 0.408 0.482 0.546 0.598 0.643 0.680between tra
ks S/B 2.520 2.372 2.177 1.978 1.825 1.683 1.578 1.490 1.429

S/
√
B 0.873 1.125 1.235 1.263 1.267 1.242 1.222 1.199 1.179

S 0.050 0.224 0.434 0.590 0.699 0.777 0.827 0.867 0.890

D0 B 0.008 0.043 0.105 0.180 0.257 0.328 0.391 0.446 0.493de
ay length S/B 6.589 5.167 4.100 3.270 2.722 2.367 2.115 1.943 1.803

S/
√
B 0.559 1.080 1.339 1.390 1.378 1.356 1.322 1.298 1.268

S 0.196 0.471 0.678 0.799 0.870 0.912 0.936 0.955 0.964

D0 DCA to B 0.054 0.169 0.300 0.418 0.516 0.593 0.653 0.698 0.734primary vertex S/B 3.603 2.783 2.256 1.908 1.686 1.537 1.434 1.360 1.312

S/
√
B 0.843 1.145 1.237 1.235 1.211 1.184 1.158 1.143 1.125
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(d)Fig. 5.31: D0 DCA to primary vertex S/B variation study for SVT+SSD>2, in the range
[0, 0.1] (cm). Normalized distribution of S and B (a), survival per
entage per valuerange (b), ratio S/B (
) and S/√B (d).
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ks with SVT+SSD>3. Con
erning the graphi
al part, for everyFigure the raw distributions are given in (a), the SP in (b), along with both S/B in(
) and S/√B in (d). The DCA between tra
ks is shown in Figure 5.32, the D0 de
aylength in Figure 5.33 and �nally the D0 DCA to the primary vertex in Figure 5.34.
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(d)Fig. 5.32: DCA between tra
ks S/B variation study for SVT+SSD>3, in the range [0, 1] (cm).Normalized distribution of S and B (a), survival per
entage per value range (b), ratio
S/B (
) and S/√B (d).
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(d)Fig. 5.33: D0 de
ay length S/B variation study for SVT+SSD>3, in the range [0, 1] (cm). Nor-malized distribution of S and B (a), survival per
entage per value range (b), ratio S/B(
) and S/√B (d).
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Tab. 5.9: S/B variation of mi
rovertexing variables in the [0, 1] (cm) range, for SVT+SSD>3 hits for ea
h tra
k.
@

@
@@

range (cm)variables [0, 0.1] [0, 0.2] [0, 0.3] [0, 0.4] [0, 0.5] [0, 0.6] [0, 0.7] [0, 0.8] [0, 0.9] [0, 1.0]

S 0.997 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000DCA B 0.736 0.872 0.906 0.921 0.931 0.942 0.950 0.957 0.970 0.968between tra
ks S/B 1.354 1.145 1.103 1.084 1.073 1.061 1.051 1.044 1.030 1.032

S/
√
B 1.086 1.049 1.036 1.033 1.031 1.025 1.021 1.018 1.013 1.030

S 0.932 0.980 0.987 0.992 0.995 0.995 0.996 0.996 0.998 0.998

D0 B 0.526 0.718 0.795 0.836 0.863 0.880 0.895 0.906 0.916 0.923de
ay length S/B 1.770 1.365 1.240 1.187 1.152 1.129 1.112 1.099 1.089 1.081

S/
√
B 0.725 0.847 0.891 0.914 0.928 0.938 0.946 0.951 0.957 0.957

S 0.977 0.998 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000

D0 DCA to B 0.792 0.882 0.908 0.924 0.941 0.950 0.964 0.970 0.974 0.981primary vertex S/B 1.234 1.131 1.100 1.081 1.062 1.049 1.037 1.030 1.025 1.010

S/
√
B 1.097 1.062 1.048 1.082 1.040 1.025 1.025 1.015 1.013 1.009
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(d)Fig. 5.34: D0 DCA to primary vertex S/B variation study for SVT+SSD>3, in the range
[0, 1] (cm). Normalized distribution of S and B (a), survival per
entage per value range(b), ratio S/B (
) and S/√B (d).
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i�
 range interval, the values of S and B along with the ratios S/B and
S/

√
B for ea
h mi
rovertexing variable are summarized for the ∆a = [0, 0.1] (cm) inTable 5.10. Con
erning the graphi
al part, for every Figure the raw distributions aregiven in (a), the SP in (b), along with both S/B in (
) and S/

√
B in (d). In Fig-ures 5.35 the plots referring to the DCA between daughter tra
ks are presented. For the

D0 de
ay length the plots are given in Figures 5.36. Finally for the D0 DCA to the pri-mary vertex the plots are found in Figures 5.37.
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(d)Fig. 5.35: DCA between tra
ks S/B variation study for SVT+SSD>3, in the range [0, 0.1] (cm).Normalized distributions of S and B (a), survival per
entage per value range (b), ratio
S/B (
) and S/√B (d).
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(d)Fig. 5.36: D0 de
ay length S/B variation study for SVT+SSD>3 in the range [0, 0.1] (cm). Nor-malized distribution of S and B (a), survival per
entage per value range (b), ratio S/B(
) and S/√B (d).
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Tab. 5.10: S/B variation of mi
rovertexing variables for di�erent ranges in the [0, 0.09] (cm) and SVT+SSD>3 hits for ea
h tra
k.
@

@
@@

range (cm)variables [0, 0.01] [0, 0.02] [0, 0.03] [0, 0.04] [0, 0.05] [0, 0.06] [0, 0.07] [0, 0.08] [0, 0.09]

S 0.338 0.585 0.761 0.862 0.925 0.962 0.982 0.991 0.993DCA B 0.133 0.243 0.343 0.431 0.510 0.577 0.628 0.672 0.708between tra
ks S/B 2.540 2.407 2.218 1.995 1.812 1.667 1.562 1.474 1.403

S/
√
B 0.926 1.187 1.299 1.313 1.295 1.266 1.239 1.239 1.180

S 0.066 0.280 0.526 0.688 0.777 0.828 0.875 0.907 0.923

D0 B 0.005 0.043 0.104 0.176 0.248 0.322 0.382 0.436 0.485de
ay length S/B 11.511 6.511 5.030 3.898 3.122 2.568 2.288 2.076 1.901

S/
√
B 0.934 1.350 1.631 1.639 1.560 1.459 1.415 1.373 1.325

S 0.225 0.540 0.751 0.846 0.905 0.938 0.961 0.970 0.974

D0 DCA to B 0.059 0.188 0.336 0.464 0.569 0.643 0.700 0.737 0.769primary vertex S/B 3.818 2.860 2.235 1.821 1.588 1.457 1.372 1.315 1.265

S/
√
B 0.926 1.245 1.295 1.241 1.199 1.169 1.148 1.129 1.110
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(d)Fig. 5.37: D0 DCA to primary vertex S/B variation study for SVT+SSD>3, in the range
[0, 0.1] (cm). Normalized distribution of S and B (a), survival per
entage per valuerange (b), ratio S/B (
) and S/√B (d).
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rovertexing Vari-ablesCon
erning the mi
rovertexing variables listed below, the S/B variation study will betreated using a di�erent range. We shall begin the study by 
onsidering the followingvariables:i. The angle φ2 as presented in Se
tion 4.2.1, de�ned as the angle between the twoplanes OAF and OBG of the daughter parti
les and plotted in Figure 5.38.ii. the variable cos θpointing, (
f. Se
tion 4.2.2), its distribution 
an be seen in Fig-ure 5.38;iii. the produ
t of DCAKxy ·DCAπxy (
f. Se
tion 4.2.5) de�ned as the dot produ
t of theDCA daughter tra
ks in the transverse plane and shown in Figure 5.39; andiv. the cos θ∗ (
f. Se
tion 4.2.1) as seen in Figures 5.40 for the K and the π 
andidates;For the cos θpointing variable we sele
t values in the region [a, 1]. For the angle
φ2 between the planes (as des
ribed in Se
tion 4.2.1), we 
an distinguish two 
ases.In parti
ular we sele
t values within the range φ2 < π/2 or the range φ2 > π/2.Con
erning the inner produ
t of the DCA to primary vertex of the daughter tra
ks,DCAKxy ·DCAπxy in the region [−c, 0] (cm2). In Table 5.11, we summarize the 
ut studyof the above mentioned variables. Finally, let us also note that we sele
t only the 
asesthat both tra
ks of the K−π+ 
omply with the SVT+SSD>0.
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Fig. 5.38: Simulation (red) and data values (blue) Left: For the angle between the planes OAFand OBG of the daughter tra
ks (t1 and t2). The bla
k line denotes the 90
◦ . Right :Distribution of e cos θpointing. Both distributions are normalized to the total number ofentries.
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Tab. 5.11: S/B variation study of the cos θpointing, cos θ∗K , cos θ∗π along with the DCAKxy ·DCAπxyand the angle φ2 between the planes of the daughter parti
les. All values are normalizedto unity and all the tra
ks 
omply with the demand: SVT+SSD>0 hits.

@
@

@@

range [cm2]variables < −0.020 < −0.010 < 0.000 < 0.002DCAKxy ·DCAπxy S 0.003 0.008 0.624 0.929
B 0.084 0.132 0.537 0.729
S/B 0.041 0.065 1.163 1.275
S/

√
B 0.012 0.023 0.851 1.088

[0.80, 1.00] [0.85, 1.00] [0.90, 1.00] [0.95, 1.00]

cos θpointing S 0.218 0.187 0.154 0.091
B 0.219 0.193 0.163 0.105
S/B 0.993 0.965 0.944 0.864
S/

√
B 0.465 0.425 0.382 0.281

[−1.00,−0.75] [−1.00,−0.50] [−1.00, 0.00] [−1.00, 0.20]

cos θ∗K

S 0.092 0.208 0.455 0.559
B 0.045 0.116 0.325 0.435
S/B 2.044 1.793 1.400 1.284
S/

√
B 0.434 0.611 0.797 0.847

[−0.20, 1.00] [0.00, 1.00] [0.50, 1.00] [0.75, 1.00]

cos θ∗π

S 0.559 0.444 0.199 0.092
B 0.434 0.315 0.109 0.045
S/B 1.284 1.408 1.812 2.044
S/

√
B 0.846 0.791 0.600 0.434

(0
◦

, 90
◦

] (90
◦

, 180
◦

]

φ2

S 0.669 0.380
B 0.642 0.406
S/B 1.042 0.928
S/

√
B 0.835 0.594
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Chapter 6Results in Cu+Cu 
ollisions at √snn = 200 GeV

In the 
urrent 
hapter, we present the results obtained by performing the analysis on theCu+Cu dataset at √snn = 200 GeV and in parti
ular the High Tower trigger. The various
uts along with the invariant mass plots for ea
h separate azimuthal ∆φ 
ase, and thesigni�
an
e of the signal are presented as well.6.1 Introdu
tionDuring the run V two di�erent spe
ies (p+p and Cu+Cu at various energies as stated inTable 2.1) were used for 
ollisions. Our analysis fo
uses on Cu+Cu at √snn = 200 GeVand in parti
ular the High Tower triggered dataset. Con
erning the STAR dete
tor,let us also note that the Barrel Ele
tromagneti
 Calorimeter (BEMC) as it is presentedin Se
tion 2.16, is partially instrumented 
overing in a

eptan
e η ∈ [0, 1]. The BEMCtowers are a

epted in the 
urrent analysis, only in the region [0, 0.7]. The latter 
utserves to avoid lots of material, 
lose to the edges (η = 1), 
rossing when the vertexis at zc = ±30 cm. In run V the overall dataset of Cu+Cu at √
snn = 200 GeV isdistributed in the following data trigger setup names [Dunlop 05℄.i. ∼30 · 106 events in 
uProdu
tionMinBias; andii. ∼17 · 106 events in 
uProdu
tionHighTower.The analysis is performed on the 
uProdu
tionHighTower data subset.147
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ollisions at √
snn = 200 GeV6.2 Applied Event Cuts6.2.1 Primary z-Vertex CutA primary vertex 
ut is performed on the z 
omponent, a

epting only events that
omply with |z-vertex| < 30 cm. In the 
urrent analysis 2795681 events were pro-
essed, passing�after the z-vertex 
ut�2191462, and �nally a

epting 26717 events,that 
ontain a high-pt ele
tron, as seen in Figure 6.1.
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Fig. 6.1: Distribution of primary z-vertex for: all events (blue), |z-vertex|< 30 cm (red) and se-le
ted (green) events for the Cu+Cu at √snn = 200 GeV (High Tower) dataset.6.2.2 BEMC Energy ThresholdAn online 
ut is imposed on the energy threshold of the BEMC tower at E > 3.75 GeV,
omplying with the values of Table 3.3, for the adequate trigger. The 
urrent triggersetup is used in order to obtain a high-pt triggered events, with a large probability of
ontaining an e± as the trigger parti
le. In addition for the ele
tron identi�
ation the
uts des
ribed in Se
tion 3.5 are applied.6.3 Applied Tra
k Cuts6.3.1 Tra
k Quality CutsThe tra
k sele
tion, in
ludes a 
ut on the |η| < 1 and the number of the points in theTPC. In parti
ular nHitsTPC > 20 and nHitsFitnHitsPoss > 0.15, in agreement with (3.2). Thetotal number of sele
ted pairs per event, samesign (++ or −−) and unlike (+−) sign
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an be seen in Figure 6.2. Also in order to apply the mi
rovertexing te
hnique we areusing the global tra
ks as stated in Appendix E.6.3.2 Parti
le Identi�
ation CutsIn order to identify the hadron into di�erent spe
ies, we sele
t tra
ks that 
omply withthe dE
dx


ut: as des
ribed in Se
tion 3.6 and in parti
ular for the whole pt spe
trum,respe
ting (6.1).
|nSigmaKaon| < 2 and |nSigmaPion| < 3 (6.1)A supplementary 
ut on the kaon 
andidates is also imposed involving the 
harge. Inparti
ular if the 
harge of the hadron is equal to the ele
tron 
harge, then the hadronbe
omes a kaon 
andidate, as des
ribed in Se
tion 1.13. In this way, we are lookingfor 
ontribution mainly from the cc̄ at ∆φ = 180

◦ and bb̄ at ∆φ = 0
◦ fragmentation
hannel as it is summarized in Table 1.2.
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Fig. 6.2: Unlike sign (in green) hadron pairs distribution per event for the Cu+Cu dataset, alongwith the like sign (−− in blue and ++ in red). All plots are normalized to the totalnumber of entries.6.4 Charged Event Multipli
ity and ∆φ CutsWe begin the des
ription of the analysis by mentioning the 
uts that will be used lateron. In order to study the invariant mass yield, we perform spe
i�
 
uts on the event
harged multipli
ity and on the ∆φ of the trigger parti
le (e±) and the re
onstru
ted
K−π+/K+π− pair. We summarize the ∆φ along with the event multipli
ity in thefollowing 
ombinations. Also let us 
onsider the ∆φ ≡ φe − φpair to be the azimuthal
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ollisions at √
snn = 200 GeVdi�eren
e between the trigger parti
le (e±) and the re
onstru
ted parent parti
le D0.The distribution of the multipli
ity for the Cu+Cu dataset 
an be seen in Figure 3.3and a 
orrelation of the 
entrality bins along with the multipli
ity 
an be found inTable 3.2.A. No multipli
ity 
utI. ∆φ = 0 ± 1.2II. ∆φ = π ± 1.2III. No ∆φ 
utB. Multipli
ity<74I. ∆φ = 0 ± 1.2II. ∆φ = π ± 1.2III. No ∆φ 
utC. Multipli
ity<104I. ∆φ = 0 ± 1.2II. ∆φ = π ± 1.2III. No ∆φ 
ut6.5 Mi
rovertexing CutsIn addition to the event 
uts des
ribed in Se
tion 6.5, by applying the mi
rovertex-ing te
hnique des
ribed in Chapter 4, we 
onstru
t the following set of 
uts to beapplied for every hadron pair K±π∓.a. i. SVT+SSD > 0ii. DCA between the daughters < 0.2 cmiii. De
ay length < 0.2 cmiv. DCA of D0 to primary vertex (PV) < 0.2 cmb. i. SVT+SSD > 0ii. De
ay length < 0.3 cmiii. DCA of D0 to PV < 0.2 cm
. i. SVT+SSD > 0



6.6 Invariant Mass Plots 151ii. DCA between the daughters < 0.04 cmiii. DCA of D0 to PV < 0.2 cmiv. cos θ∗K < 0.24v. 1. De
ay length < 0.30 cm2. < 0.20 cm3. < 0.10 cm4. < 0.05 cmd. i. SVT+SSD > 0ii. DCA between the daughters < 0.3 cmiii. De
ay length < 0.3 cmiv. DCA of D0 to PV < 0.3 cme. i. SVT+SSD > 0ii. DCA between the daughters< 0.05 cmiii. DCA of daughters to PV < 0.05 cmiv. DCAKxy · DCAπxy < 0.5 cm2v. cos θpointing > 0.8vi. pt > 0.3 GeV/c for ea
h daughter tra
k6.6 Invariant Mass Plots6.6.1 Results with set of 
uts 
After having implemented the previous 
uts as des
ribed, a major set of invariantmass plots has been generated. In the following se
tions, a subset of the results forthe investigated set of 
uts is presented. In parti
ular, the event 
uts des
ribed in ∆φand 
harge multipli
ity�des
ribed in Se
tion 6.4�with the tra
ks 
uts as des
ribed inSe
tion 6.5∗.In the following plots, it is presented the 
ase of the D0/D̄0 invariant mass yieldalong with the total samesign √

(++) ⊗ (−−) ba
kground and the subsequent sub-tra
tion. In addition to these, a polynomial �t of 7th degree along with a gaussian �tis performed. A supplementary set of event 
uts is imposed, namely for the ∆φ = 0in Figure 6.3, for the ∆φ = π shown in Figure 6.4, and without any ∆φ 
ut shown inFigure 6.5.
∗The results for all 
uts are available in the following link http://tinyurl.
om/3yd5oob for theSTAR 
ollaboration and are not in
luded in the 
urrent dissertation due to spa
e limitations.

http://tinyurl.com/3yd5oob
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ut and set of 
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. Left : Invari-ant mass yield (bla
k) along with polynomial and gaussian �t (green). Right : Subtra
tedinvariant mass yield.6.6.2 Results with set of 
uts dEvent Cut AI
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ut and set of 
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tion of the invariant mass yield.



6.6 Invariant Mass Plots 1556.6.3 Results with set of 
uts eUsing the set of 
uts e, and by 
ombining the event set of 
uts ∆φ = {0, π} inFigures 6.9�6.10 
ut as well as no ∆φ 
ut in Figure 6.11, we obtain the following 
ases.Event Cut AI
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kground yield (green). Center : Primary ba
kgroundsubtra
tion (bla
k) along with polynomial and gaussian �t (green). Right : Se
ondaryba
kground subtra
tion of the invariant mass yield.Event Cut AII
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Fig. 6.10: D0/D̄0 Invariant mass plots obtained with ∆φ = π 
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Invariant Mass [GeV/c2]Fig. 6.11: D0/D̄0 Invariant mass plots obtained with no ∆φ 
ut and set of 
uts e. Left : Invariantmass (blue) yield with samesign ba
kground yield (green). Center : Primary ba
kgroundsubtra
tion (bla
k) along with polynomial and gaussian �t (green). Right : Se
ondaryba
kground subtra
tion of the invariant mass yield.Event Cut BIIBy implementing the set of 
uts e, we are 
ontinuing the analysis along with the event
uts on the 
harge multipli
ity< 74 and the ∆φ, it is obtained the 
ase shown inFigure 6.12.6.7 Dis
ussionWe have investigated the 
ut sets shown in Se
tion 6.4 and Se
tion 6.5 in the overallCu+Cu dataset at √snn = 200 GeV, by performing the event 
uts listed below:i. Event 
harged multipli
ity with no 
ut and multipli
ity< {74, 103}; andii. azimuthal angular 
orrelation between trigger parti
le and the hadron pair. Inparti
ular it is 
hosen no ∆φ 
ut as well as ∆φ = {0, π}.We have also presented in this 
hapter the results for the investigated set of 
uts appliedin the Cu+Cu dataset. In parti
ular using the set of 
uts 
 we obtained the resultsshown in Se
tion 6.6. The results that were obtained with set of 
uts d are shown inSe
tion 6.6.2 and �nally in Se
tion 6.6.3 the plots with the results obtained with setof 
uts e are presented. For the like sign e�K 
ase whi
h has been investigated for the
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Fig. 6.12: D0/D̄0 Invariant mass plots obtained with 
harge multipli
ity< 74, ∆φ = π 
ut andset of 
uts e. Left : Invariant mass (blue) yield with samesign ba
kground yield (green).Center : Primary ba
kground subtra
tion along with polynomial and gaussian �t. Right :Se
ondary ba
kground subtra
tion of the invariant mass yield.Cu+Cu rea
tions, in a systemati
 way no signal is observed for the 
ase of ∆φ = 0(beauty dominant 
ontribution), while a signal of signi�
an
e of up to maximum of
2.2 σ is obtained for the ∆φ = π 
ase (
harm dominant 
ontribution). This trendis followed for all the multipli
ity studies. The 
orrelation method is des
ribed inSe
tion 1.13, and the 
ombinations of angular 
orrelation along with the 
harge signare summarized in Table 1.2. In parti
ular Figures 6.3, 6.6 and 6.9 show the results for
∆φ = 0 
ases, while Figures 6.4, 6.7 and 6.10 show the results for the ∆φ = π 
ases.As an example of a signal 
ase, a signal of signi�
an
e 2.1 σ is obtained for the ∆φ = π
ase and multipli
ity<74�keeping the 0�30% in 
entrality, 
f. Table 3.2. The 
urrentresult is shown in Figure 6.12. The latter 
ase refers to the 
harm 
ontribution, that isattained by 
ombining the like sign e�K pairs and sele
ting the ∆φ = π. Finally, wesummarize the results obtained, in Table 6.1.



158 6. Results in Cu+Cu 
ollisions at √
snn = 200 GeV

Tab. 6.1: D0 invariant mass along with σ and signi�
an
e of the signal for ea
h ∆φ azimuthal
orrelation in High Tower.
∆φ D0 mass [GeV/c2] σ [MeV/c2] signi�
an
e: S√

S+B

0
◦

1.893 ± 0.006 10.8 ± 4.2 2.50
180

◦

1.888 ± 0.006 16.0 ± 5.0 3.04No Cut 1.892 ± 0.005 14.7 ± 4.7 4.85



Chapter 7Results in p+p 
ollisions at √s = 200 GeVThe main obje
tive of the 
urrent 
hapter is the results obtained by analyzing the p+p datasetat √s = 200 GeV (run VI). In parti
ular we des
ribe the various 
uts that were used andpresent the invariant mass plots for ea
h separate ∆φ 
ase and e�K pair 
harge demand. A
on
lusion is also drawn about the 
harm and beauty 
ontribution for the spe
i�
 dataset.7.1 Introdu
tionDuring the run VI in the year 2006, the sili
on dete
tors�although physi
ally present�were not taken under 
onsideration in the re
onstru
tion 
hain of the events. Therefore,for the parti
ular dataset sin
e there is no informatio on the sili
on hits, no mi
rover-texing te
hnique 
an be applied for the e�D0 analysis. The total dataset 
onsists ofapproximately 213·106 events, distributed in the following subsets (produ
tion triggersetup names and only physi
s stream) [Dunlop 06℄.ppProdu
tionTrans 
ontaining 101865945 events;ppProdu
tionLong 
ontaining 101367002 events;ppProdu
tion 
ontaining 8892171 events; andpp2006MinBias 
ontaining 1074068 events.Let us also mention that it is the �rst year that the BEMC (Se
tion 2.16), is fullyinstrumented 
overing in η ∈ [−1,+1] a

eptan
e.159



160 7. Results in p+p 
ollisions at √
s = 200 GeV7.2 Applied Event Cuts7.2.1 Primary z-Vertex CutCon
erning the primary vertex z 
omponent, an in
lusive 
ut is performed, keepingevents that 
omply with the |z-vertex| < 30 cm, as 
an be seen in Figure 7.1. Afterpro
essing in total 1795274 events, and passing the z-vertex 
ut 480654, 19228 eventsare �nally sele
ted. In Figure 7.1, it shown a 
omparative plot of the number of theinitial and �nal (sele
ted) events used in our analysis. In addition we sele
t BEMCtowers that span into the region η ∈ [−0.7, 0.7], avoiding the edges of the 
alorime-ter, where tra
ks emerging from events with primary vertex at zc = ±30, 
an 
rosssigni�
ant quantity of material.

z-vertex [cm]
-200 -150 -100 -50 0 50 100 150 200

E
nt

rie
s 

[a
.u

.]

210

310

410

Entries  1795274
Entries  480654Entries  480654
Entries  19228Entries  19228

no cut
|vtxZ|<30 cm
selected

Fig. 7.1: Distribution of the z 
omponent of the primary vertex for: all events (blue), eventsthat 
omply with |z-vertex|< 30 cm (red) and sele
ted (green) events for the p+p datasetat √s = 200 GeV.
7.2.2 BEMC Energy ThresholdAn online 
ut on the energy of the BEMC towers is performed, 
omplying with thevalues of Table 3.3, for the various trigger sets that are 
urrently in
luded in theanalysis. The values for the energy threshold of the towers vary with the triggersele
tion and 
an take the values E ≥ {5.0, 5.4} GeV. In addition for the sele
tion ofthe ele
trons the 
uts that are applied for the tra
ks, are des
ribed in Se
tion 3.5.
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k Cuts 1617.3 Applied Tra
k Cuts7.3.1 Tra
k Quality CutsThe a

epted tra
ks span within |η| < 1 and the number of the points in the TPC
omply with with (3.2), des
ribed in Se
tion 3.3. Let us also mention that we are usingthe primary tra
ks, as des
ribed in Appendix E.7.3.2 Parti
le Identi�
ation CutsThe identi�
ation of hadrons is a
hieved by sele
ting tra
ks that 
omply with the 
utsdes
ribed in (3.8). Con
erning the identi�
ation using the energy loss dE
dx
, we applythe 
uts des
ribed in Se
tion 3.6. For the 
urrent dataset, we have sele
ted the valuesexpressed in (7.1).

|nSigmaKaon| < 2 and |nSigmaPion| < 3 (7.1)In addition, a 
ut on the kaon 
andidates is also imposed, demanding the 
harge ofthe hadron to 
oin
ide with the ele
tron 
harge, as stated in Se
tion 1.13. The latterdemand 
an probe the cc̄ 
ontribution at ∆φ = π and the D0 dominantly 
oming fromthe bb̄ fragmentation 
hannel at ∆φ = 0.7.4 Invariant Mass Plots7.4.1 Results with ∆φ = πBy applying a like sign demand between the e and K, as well as a ∆φ = π ± 1.2,we obtain the signal of signi�
an
e 3 σ as shown in Figure 7.2. For the 
al
ulation ofthe signi�
an
e it was used the (3.16) by integrating over a mass area of [−3σ, 3σ] thesignal obtained and the S +B invariant mass yield.
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s = 200 GeV
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Fig. 7.2: Invariant Mass plots for the ∆φ = π 
ase for samesign e�K pair. Left : K−π+/K+π−invariant mass yield (blue) and samesign √
K−π− ⊗K+π+ (green). Right : Subtra
tedinvariant mass along with gaussian �t (green), obtaining the value of 1.888 GeV/c2 and

σ = 16 MeV/c2. The signal signi�
an
e obtained is S√
S+B

= 3.04 ( S√
B

= 3.26).7.4.2 Results with ∆φ = 0By performing a ∆φ = 0 and keeping the like sign demand between trigger parti
leand K 
andidate, it is obtained Figure 7.3.
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Fig. 7.3: D0/D̄0 Invariant Mass plots for the ∆φ = 0 
ase for samesign e�K pair. Left :
K−π+/K+π− invariant mass yield (blue) and samesign√

K−π− ⊗K+π+ (green). Right :Subtra
ted invariant mass yield along with the gaussian �t (green), resulting mean value
1.893 GeV/c2, σ = 10.8 MeV/c2 and signi�
an
e S√

S+B
= 2.50 ( S√

B
= 2.64).7.4.3 Results with no ∆φ 
utWe 
ontinue the analysis by removing the azimuthal angular 
ut ∆φ and keepingthe like sign demand between trigger parti
le and K 
andidate. In that way both
ontributions of cc̄ and bb̄ fragmentation are kept. The result obtained is shown inFigure 7.4.
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Fig. 7.4: D0/D̄0 Invariant Mass plots with no ∆φ 
ut for samesign e�K pair. Left : K−π+/K+π−invariant mass yield (blue) and samesign √
K−π− ⊗K+π+ (green). Right : Subtra
tedinvariant mass yield along with the gaussian �t, yielding mean value 1.892 GeV/c2 and

σ = 14.7 MeV/c2 and signi�
an
e S√
S+B

= 4.85 ( S√
B

= 5.21).7.5 Dis
ussionFor the 
harm (C) 
ontribution�the 
ase of ∆φ = π along with the like sign pairs
e�K as mentioned in Table 1.2�a signal was observed of signi�
an
e 3.1 σ as shown inFigure 7.2. For the ∆φ = 0 
ase and for the like sign 
harge demand for the e�K pair,it is obtained a signal of signi�
an
e 2.50 σ for the beauty (B) 
ontribution.Using the e�D0 azimuthal 
orrelation method and the e�h (ele
tron-hadron) 
or-relations, it is found that the beauty 
ontribution enhan
es with pt and be
omes
omparable to the 
harm 
ontribution around pt ∼ 5.5 GeV/c in p+p 
ollisions at√
s = 200 GeV [Mis
hke 09b, Geromitsos 09℄. The latter statement is shown graphi-
ally in Figure 7.5�right part. The beauty 
ontribution is found to be 
ompatible toFONLL 
al
ulations within the un
ertainties [Aggarwal 10℄. Finally in Figure 7.5 theresult obtained from PYTHIA simulations �tted to the data, along with the MonteCarlo at Next to Leading Order (MC�NLO) 
al
ulation is shown as well.Tab. 7.1: The D0 invariant mass along with the σ and signi�
an
e of the signal for ea
h ∆φazimuthal 
orrelation.

∆φ D0 mass [GeV/c2] σ [MeV/c2] signi�
an
e: S√
S+B

0
◦

1.893 ± 0.006 10.8 ± 4.2 2.50
180

◦

1.888 ± 0.006 16.0 ± 5.0 3.04No Cut 1.892 ± 0.005 14.7 ± 4.7 4.85
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ollisions at √
s = 200 GeV

Fig. 7.5: Left : Azimuthal angular 
orrelation distribution of non-photoni
 ele
trons and D0 (forthe 
ase of like sign e�K pairs) in p+p 
ollisions at √
s = 200 GeV. The systemati
un
ertainties are also denoted (green). The result obtained from PYTHIA simulations�tted to the data, along with the MC�NLO 
al
ulation is shown as well (bla
k and blue-dashed lines respe
tively). Right : The relative bottom 
ontribution to the non-photoni
ele
tron yield derived from di�erent �ts to the e�D0 azimuthal 
orrelation distribution isdepi
ted (red points), along with a 
omparison to the e-hadron 
orrelations (blue points)and to the un
ertainty band from a FONLL 
al
ulation (green 
urves). In addition, thesystemati
 un
ertainties are presented (yellow boxes). Plots taken from [Mis
hke 09b℄.



Chapter 8Results in Au+Au 
ollisions at √snn = 200 GeVIn the 
urrent 
hapter the des
ription of the results obtained performing the analysis onthe Au+Au dataset at √snn = 200 GeV. The analysis is also performed on the Btag aswell as the Minimum Bias triggered events. We present the various 
uts along with theinvariant mass plots for ea
h azimuthal ∆φ 
orrelation 
ase.8.1 Introdu
tionDuring the run VII the overall dataset of the Au+Au at √snn = 200 GeV dataset, isdistributed in the following trigger setup names [Didenko 08℄.i. Approximately 62 ·106 events in the 2007Produ
tionMinBias, (in
luding only thephysi
s datastream); andii. ∼27.9 · 106 events in the 2007Produ
tion2, all the datastreams.In parti
ular, in the trigger setup name 2007Produ
tion2, the subset of events withthe Btag stream is the portion of events that the e�D0 analysis will be fo
used on. Thehigh-pt events belonging to this stream are ∼ 1.5·106 in total. Let us also mention thatfor the Minimum biased events�in the physi
s stream and in the 2007Produ
tion2�are approximately 18 · 106 events are in
luded.8.2 Applied Event Cuts8.2.1 Primary z-Vertex CutA primary vertex 
ut at |z-vertex| < 20 cm is performed, allowing to sele
t tra
ks, thatremain restrained in the STAR 
entral tra
king area. In total 1.461.003 events are165



166 8. Results in Au+Au 
ollisions at √
snn = 200 GeVexamined (belonging in the Btag stream and the 2007Produ
tion2). After the aboveprimary z-vertex 
ut, 1415616 events are gathered. Finally the portion of the 93727events used for the 
urrent analysis are obtained that 
ontain a high-pt ele
tron, as
an be seen in Figure 8.1.
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Fig. 8.1: Distribution of the z 
omponent of the primary vertex for: all events (blue), eventsthat 
omply with the |z-vertex|< 20 cm (red) and the sele
ted (green) events for theAu+Au at √snn = 200 GeV (Btag) dataset.
8.2.2 Quality of RunsIt was suggested by the Physi
s Working Group of STAR Collaboration, that a 
ertainamount of runs obtained should be ex
luded from the analysis [Mohanty 09℄. In par-ti
ular, the 
riterion for the sele
tion of runs it is examined the 〈cosφ〉 of tra
ks versusthe run-number is plotted for several pt bins (with a bin size of 50 MeV/c and doneup to pt = 2 GeV/c). The request is whether ea
h run has a mean value of the 〈cosφ〉greater than 2σ from the overall mean value des
ribed by (8.1).

〈cosφc〉 = −0.006 (8.1)
σcos φ = 0.003As a result, the Btag sample is a�e
ted by 7.46% yielding 6847 reje
ted events. Forthe minimum biased events in 2007Produ
tion2, this demand a�e
ts 200 runs (orequivalently 675.294 events), or 3.82% of the total events.



8.3 Applied Tra
k Cuts 1678.2.3 BEMC Energy ThresholdThe online 
ut implemented on the transverse energy Et of the BEMC tower thresholdis at Et > 4.75 GeV, and 
omplies with the energy threshold values stated in Table 3.3,for the adequate triggers. A tower is a

epted only if it is found within the pseudora-pidity area η ∈ [−0.7, 0.7]. The latter 
ut is performed in order to avoid the edges ofthe 
alorimeter where the material be
omes thi
k, when 
ompared to the η = 0 region.8.3 Applied Tra
k Cuts8.3.1 Tra
k Quality CutsThe quality assuran
e of tra
ks is performed by demanding for ea
h tra
k to have theTPC hits that 
omply with (3.2). Also tra
ks outside the region |η| < 1 are ex
ludedfrom the analysis. After the tra
k 
uts, the total number of sele
ted pairs per event,both for the samesign (++ or −−) as well as for the unlike-sign (+−) 
an be seenin Figure 8.2. Also in order to perform the mi
rovertexing te
hnique we are using theglobal tra
ks as stated in Appendix E.8.3.2 Parti
le Identi�
ation CutsThe 
lassi�
ation of hadrons into K and π is performed by sele
ting tra
ks that 
omplywith the dE
dx


ut as des
ribed in Se
tion 3.6. The values 
hosen for the 
urrent dataset,are des
ribed in (8.2).
|nSigmaKaon| < 2 and |nSigmaPion| < 3 (8.2)Additionally, a supplementary sele
tion on the kaon 
andidates is also imposed. Inparti
ular the demand of the 
harge of the hadron to be equal to the ele
tron 
harge,yields a kaon 
andidate, that 
an probe a D0 produ
ed by a cc̄ at ∆φ = 180

◦ or a bb̄ at
∆φ = 0

◦ . In the 
urrent dataset, we also implemented the unlike sign 
harge demandbetween the trigger parti
le and the hadron, that 
ombined with the adequate ∆φ, it
an probe from a bb̄ fragmentation 
hannel. The latter 
harge 
orrelations for the cc̄and bb̄ along with the azimuthal 
orrelations, are des
ribed in Se
tion 1.13.8.4 Mi
rovertexing Cutsa. i. SVT+SSD> 1ii. DCA of daughters to primary vertex (PV)< 0.1 cmiii. DCA between daughters< 0.1 cm
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Fig. 8.2: Unlike sign hadron pairs per event (green) distribution along with samesign (posi-tive: red and negative blue). The plot is 
reated from the Btag triggered events ofAu+Au at √snn = 200 GeV. All plots are normalized to unity.iv. De
ay Length < 0.1 cmb. i. SVT+SSD> 1ii. cos θ∗<0iii. DCA between daughters< 0.06 cmiv. DCA of parent to PV< 0.1 cmv. De
ay Length < 0.2 cm8.5 Invariant Mass Plots8.5.1 Results on Minimum Biased EventsBy performing the set of 
uts a des
ribed in Se
tion 8.4, on a subset of 3.71 · 106 min-imum biased events, we obtained the results shown in Figure 8.3, where the invariantmass yield ofD0/D̄0 is presented along with the samesign ba
kground√
K−π− ⊗K+π+ .In addition, a polynomial �t is performed and a se
ondary ba
kground subtra
tion isperformed as well. Let us mention that in the absen
e of a trigger parti
le, the 
harge
orrelation Se
tion 1.13, 
annot be applied. Therefore ea
h hadron 
an belong to bothspe
ies as presented in Se
tion 3.8.1.
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Fig. 8.3: D0/D̄0 Invariant mass yield plots obtained with set of 
uts a on the minimumbiased events. Left : Invariant mass yield (blue) along with samesign ba
kground√
K−π− ⊗K+π+ (green). Center : Primary ba
kground subtra
tion along with poly-nomial (red) and gaussian (bla
k) �t. Right : Subtra
ted invariant mass yield with thegaussian �t (bla
k line). The signal observed is 3.71 σ. The mean value from the �t is

1.884 GeV/c2 and the σ = 11 MeV/c2.8.5.2 Results on the Btag Triggered EventsIn the 
urrent dataset, the demand of the 
harged trigger and kaon 
andidate, isapplied, allowing to perform the e�D0 
orrelation method. In parti
ular, in Figure 8.4,it is seen the result for the cc̄ fragmentation 
hannel by sele
ting the samesign pairs
e�K and the azimuthal angular 
orrelation at ∆φ = π.8.6 Dis
ussionIn the previous paragraphs, we have presented results obtained in the Au+Au at√snn =
200 GeV dataset. For the minimum biased events a signal of signi�
an
e of S√

S+B
=

3.71 is observed by performing the mi
rovertexing set of 
uts a. In addition, 
on
erningthe Btag data subset, the 
orrelation method�summarized in Table 1.2�of ∆φ = πalong with the unlike sign 
harge demand for the e�K was applied. The signal observedby implementing the latter method along with the mi
rovertexing set of 
uts b, has asigni�
an
e of S√
S+B

= 2.18. Finally, the results are summarized in Table 8.1, obtainedin the Au+Au at √snn = 200 GeV dataset.
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Fig. 8.4: D0/D̄0 Invariant mass yield plots obtained with ∆φ = π 
ut and set of 
uts b. Left :Invariant mass yield (blue). Center : Primary ba
kground subtra
tion along with polyno-mial (red) and gaussian �t (bla
k). Right : Subtra
ted invariant mass yield with gaussian�t. The signal observed is 2.18 σ. The mean value from the �t is 1.883 GeV/c2 and the
σ = 10 MeV/c2.

Tab. 8.1: D0 invariant mass along with σ and signi�
an
e of the signal for ea
h ∆φ azimuthal
orrelation in the Btag and the Minimum biased events for the Au+Au dataset at√snn =
200 GeV. Let us also mention that for the e�D0 
orrelation method, the unlike sign pairs
e�K are sele
ted.

∆φ D0 mass [GeV/c2] σ [MeV/c2] signi�
an
e: S√
S+BMinimum Biasn/a 1.884 ± 0.004 11.0 ± 0.4 3.71Btag trigger data

180
◦

1.883 ± 0.002 10.0 ± 0.1 2.18



Chapter 9Results in p+p and d+Au 
ollisions at√
s = 200 GeVThe main fo
us of this 
hapter is the details of the methodology that was used in orderto obtain the results during run VIII, in p+p and d+Au datasets at √s = 200 GeV. Wedes
ribe the various 
uts that are implemented and present the invariant mass plots forea
h azimuthal ∆φ 
ase.9.1 Introdu
tionFor the year 2008, the ensemble of the sili
on dete
tors was removed, allowing the lowmass run to be performed. In the absen
e of Sili
on dete
tors, let us mention that nomi
rovertexing te
hnique will be used in the analysis for the 
urrent dataset. For thep+p around 27.6·106 event were taken. In parti
ular the physi
s datastream dispat
hedinto the following trigger setup names [Dunlop 08b℄:
∼24.4 · 106 events in ppProdu
tion2008; and
∼0.8 · 106 events in ppProdu
tion2008-2.For the d+Au 
ase, the total number of events is ∼ 99 · 106. The physi
s datastreamis divided a

ordingly into:
∼62.9 · 106 events in produ
tion_dAu2008; and
∼0.68 · 106 events in produ
tion_mb2008.171



172 9. Results in p+p and d+Au 
ollisions at √
s = 200 GeV9.2 Applied Event Cuts9.2.1 Primary z-Vertex CutCon
erning the z 
omponent of the primary vertex of the event, a 
ut keeping the eventsthat 
omply with the |z-vertex| < 20 cm is applied, as 
an be seen in Figures 9.1. Forthe p+p dataset, 8646010 events were analyzed, with only 2243256 passing the z-vertex
ut and �nally 81129 were kept. Con
erning the d+Au dataset, a portion of 196334events were sele
ted, after pro
essing in total ∼13·106 and only 196334 passing the

z-vertex 
ut.
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Fig. 9.1: Distribution of the primary vertex z 
omponent for the run VIII at √s = 200 GeV. Allevents (blue), |z-vertex|< 20 cm (red) and sele
ted (green) events. Left: For the p+p run.Right: For the d+Au run.9.2.2 BEMC Energy ThresholdThe 
ut on the transverse energy Et of the BEMC towers is applied, 
omplying with thevalues of Table 3.3. In spe
i�
 for the p+p run the values of the energy threshold are
Et ≥ {2.6, 3.6} GeV, whereas for the d+Au the values are Et ≥ {2.6, 3.6, 4.3, 8.4} GeVdepending on the spe
i�
 trigger demand. Con
erning the tra
k 
uts applied for theele
tron identi�
ation, the latter are mentioned in Se
tion 3.5.9.3 Applied Tra
k Cuts9.3.1 Tra
k Quality CutsIn order to ensure good quality of tra
ks, we sele
t tra
ks are within |η| < 1, and
on
erning the number of the points in the TPC for ea
h (3.2) is respe
ted. Let usalso note that we are using the global tra
ks as stated in Appendix E.



9.4 Invariant Mass Plots 1739.3.2 Parti
le Identi�
ation CutsThe identi�
ation of hadron into K and π, is performed by sele
ting tra
ks that 
omplywith the dE
dx


ut des
ribed in Se
tion 3.6. For the kaon 
andidate, a supplementary 
uton is also imposed, based on the 
harge demand of the hadron to be equal to theele
tron 
harge. The latter method is presented in Se
tion 1.13. The values for the dE
dx
omply with (9.1).

|nSigmaKaon| < 2 and |nSigmaPion| < 3 (9.1)9.4 Invariant Mass Plots9.4.1 Results in p+pUsing the ∆φ = 0 (Figure 9.2), ∆φ = π (Figure 9.3) and no ∆φ 
ut as shown inFigure 9.4, we obtained the results presented in the following paragraphs.Event Cut with ∆φ = 0 
ut
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Fig. 9.2: D0/D̄0 Invariant mass yield plots obtained with ∆φ = 0 
ut. Left : K−π+/K+π− invari-ant mass yield (blue) and samesign √
K−π− ⊗K+π+ yield (green). Right : Subtra
tedinvariant mass yield.
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ollisions at √
s = 200 GeVEvent Cut with ∆φ = π 
ut
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Fig. 9.3: D0/D̄0 Invariant mass yield plots obtained with ∆φ = π 
ut. Left : K−π+/K+π− invari-ant mass yield yield (blue) and samesign √
K−π− ⊗K+π+ (green). Right : Subtra
tedinvariant mass yield.Event Cut with no ∆φ 
ut
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Fig. 9.4: D0/D̄0 Invariant mass yield plots obtained and no ∆φ 
ut. Left : K−π+/K+π− invariantmass yield (blue) and samesign √
K−π− ⊗K+π+ (green). Right : Subtra
ted invariantmass yield.



9.4 Invariant Mass Plots 1759.4.2 Results in d+AuUsing the ∆φ = 0 (Figure 9.5), ∆φ = π (Figure 9.6) and no ∆φ 
ut (Figure 9.7),we obtained the results shown in the following paragraphs. The samesign ba
kgroundthat was used is √K−π− ⊗K+π+ . Additionally the rotational ba
kground (at 180
◦)is presented as well in Figure 9.7.Event Cut with ∆φ = 0 
ut
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Fig. 9.5: D0/D̄0 Invariant mass yield plots obtained with ∆φ = 0 
ut. Left : K−π+/K+π− invari-ant mass yield (blue) and samesign √
K−π− ⊗K+π+ yield (green). Right : Subtra
tedinvariant mass yield.Event Cut with ∆φ = π 
ut
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Fig. 9.6: D0/D̄0 Invariant mass yield plots obtained with ∆φ = π 
ut. Left : K−π+/K+π− invari-ant mass yield (blue) and samesign √
K−π− ⊗K+π+ yield (green). Right : Subtra
tedinvariant mass yield.
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Fig. 9.7: D0/D̄0 Invariant mass yield plots obtained and no ∆φ 
ut. Left : K−π+/K+π− in-variant mass yield (blue) and rotational yield at 180
◦ (red). Right : Subtra
ted invariantmass yield.9.5 Dis
ussionThe results obtained with the p+p at √s = 200 GeV 
ase of year VIII did not 
ontainthe mi
rovertexing te
hnique, sin
e the sili
on dete
tors were taken out of the run.Con
erning the 
ase of the ∆φ = 0 and like sign 
harge demand (
f. Table 1.2) betweenthe trigger parti
le and the kaon 
andidate, (e�K), it is obtained a signal of S√

S+B
=

1.18. The mean value is (1.873 ± 0.005) GeV/c2 and the σ = (10.0 ± 0.1) MeV/c2.For the se
ond 
olliding spe
ies of year VIII (Table 2.1), namely the d+Au at √s =
200 GeV, it was obtained by using a rotational ba
kground subtra
tion (as des
ribedin Se
tion 3.9.2), a signal is with signi�
an
e S√

S+B
= 2.10. In the latter 
ase thesamesign 
harge demand was imposed on the e�K pair, for the kaon 
andidate sele
tion.Additionally no 
ut on the ∆φ angular 
orrelation was implemented. The above 
utsresult into the mean value of (1.896± 0.003) GeV/c2 and the σ = (11.0± 0.2) MeV/c2.The above results are summarized in Table 9.1.
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Tab. 9.1: The D0 invariant mass along with σ and the signi�
an
e of the signal for ea
h
∆φ azimuthal 
orrelation and for like sign 
harge demand for the e�K pairs for thep+p and d+Au at √s = 200 GeV.

∆φ D0 mass [GeV/c2] σ [MeV/c2] signi�
an
e: S√
S+Bd+Aun/a 1.896 ± 0.003 11.0 ± 0.2 2.10p+p

0
◦

1.873 ± 0.005 10.0 ± 0.1 1.18
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Chapter 10Novel SSD Cluster FinderIn this 
hapter it is presented a new Cluster Finder for the Sili
on Strip Dete
tor, utilizing theAu+Au dataset at √snn = 200 GeV (run VII) data. A short des
ription of the de�nitions ofthe pedestals and the subtra
tion of the noise for the ladders is also presented as well. The
urrent Cluster Finder along with the novel 
luster �nding method are presented. Finally a
omparison of the results obtained with the two methods, is performed as well.10.1 Introdu
tionThe Sili
on Strip Dete
tor was physi
ally present in run V, run VI and run VII (Cu+Cu,p+p and Au+Au at√snn = 200 GeV, respe
tively). The dete
tor was taken under 
on-sideration for the produ
tion of data, only in the Cu+Cu and Au+Au 
ase. Con
erningthe prin
iple of the parti
le dete
tion via semi-
ondu
tivity, the latter is presented inSe
tion 2.8 and a thorough des
ription of the dete
tor 
an be found in Se
tion 2.10.It is reported [Bou
het 07℄ that the number of 
harge 
lusters in p and n side exhibitan asymmetry. In spe
i�
, in the n side the the number of 
lusters is lower than theone re
orded from the p side. This is due to the high noise that the n side presents.Sin
e the standard 
luster �nder 
ombines the information from both sides in order todedu
e a 
luster, there is an impa
t on the overall e�
ien
y of the dete
tor.10.2 Cal
ulation of the NoiseDuring a RHIC period of data a
quisition, and in the absen
e of the beam, a dedi
atedrun on the SSD noise is being performed, registering the values of all the strips, over
N events (usually N=103). The 
al
ulation of the pedestal hen
e is being performedas the mean value pi = 〈xi〉 of the distribution of the signal of the i strip over these Nevents and expressed in (10.1). Let us 
onsider the signal value of the i strip for the k179



180 10. Novel SSD Cluster Finderevent: xk
i (in ADC).

pi =
1

N

N
∑

k=1

xk
i (10.1)Furthermore, the noise ni for the i strip is 
al
ulated as the standard deviation of thedistribution of the ADC signals over the sample of the N events. In mathemati
al formthe latter statement is expressed by (10.2).

ni =

√

√

√

√

1

N − 1

N
∑

k=1

(xk
i − pi)2 (10.2)During the STAR data a
quisition period, the values of the pedestal are stored untilthe next SSD dedi
ated run (SSD pedestal run) and an online pedestal subtra
tion isbeing performed, a

ording to (10.3). Let x′i be the value of the i strip signal after thesubtra
tion.

x′i = xi − pi > 0 (10.3)The values of the noise ni are stored for ea
h strip separately in order to be used o�ine.Also let us note that the zero suppression takes pla
e for ea
h raw ADC value.
x′i > ξ (10.4)In (10.4), the value of ξ di�ers depending on the dataset. In parti
ular for the Cu+Cu�run V�it was used ξ = 6ADC whether for the Au+Au�run VII�the value was raisedto ξ = 7ADC.
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Fig. 10.1: Cumulative distributions of signal (left) and noise (right) values for the p (red) and n(blue) side of the SSD, normalised to unity. Data is taken from N = 10000 events of run8105011 of the Au+Au at √snn = 200 GeV dataset.



10.3 Standard Cluster Finder 18110.3 Standard Cluster FinderWe refer to the Standard Cluster Finder, as the method that the 
urrent STAR Softwareis using in order to look for 
lusters in both sides of the dete
tor. In parti
ular thealgorithm 
onsists of the following steps.i. The method is applied �rst on ea
h wafer by seeking on both sides (p and n);ii. only strips that satisfy S

N
≥ 5, with S and N be the signal and noise for ea
hstrip;iii. let us 
onsider ic a �red strip. Then the i
−1 and i
+1 neighboring strips are also
he
ked with a demand on the ratio of signal to noise 
omply with the Si
±1

Ni
±1
<

Si

Ni
 ; andiv. the 
lusters are 
ombined in both sides of the wafer, and a

epted only if the
lusters in the opposite sides (p and n) are asso
iated.Let us also make a �nal note 
on
erning the last argument. In parti
ular, the asso
ia-tion of the 
lusters in both sides of the dete
tor, is performed taking into a

ount notonly the topologi
al hits (on p and n sides), but also a supplementary 
ut on the 
hargemat
hing Qn ≃ Qp is performed. It is expe
ted that the parti
le passing through theSSD dete
tion module, will deposit approximately the same amount of energy 
reat-ing the same amount of ele
tron-holes on both sides. By using this method it is alsoensured the reje
tion of the ambiguous asso
iated 
lusters, 
alled ghosts.10.4 TSpe
trum ROOT ClassThe main 
ore of the novel 
luster �nding method is the algorithm implemented inthe TSpe
trum ROOT Class [Brun 06℄. In parti
ular, given a spe
i�
 spe
trum, thealgorithm utilizes the Markov 
hain and seeks for peaks within a predetermined sigmaand threshold [Morh�a�
 97b℄ interval. A Markov 
hain is a 
olle
tion of Markov pro-
esses ξn(t), where n = 1, 2, . . . ,∞ with the property that for a given present 
ondition,the future is 
onditionally independent of its past [Papoulis 02℄. The latter statement,is expressed in terms of probability P in (10.5). Therefore, if we 
onsider for the timesequen
e that tn−1 < tn:

P[ξ(tn) ≤ ξn |ξ(t), t ≤ tn−1] = P[ξi(tn) ≤ ξn |ξ(tn−1)] (10.5)However in the 
ase where we have noisy data the number of peaks in the spe
trum
an be enormous�approa
hing the number of strips. The 
ase of the SSD dete
tor



182 10. Novel SSD Cluster Finderand espe
ially of the n side of the wafers, exhibits su
h a behavior, as des
ribed inAppendix F. In the above mentioned 
ase, it is therefore ne
essary to impose a demandon the threshold value of the peak and to 
onsider only the peaks higher than thisthreshold. In Figure 10.2 it is shown the 
ase where only three peaks were identi�ed,by imposing a threshold at 50 units. Let us 
onsider a 
luster of 
hannels that buildup the peak. Also by yc we denote the value of the 
enter of the peak, that is also thehigher signal. The 
ut is then expressed by (10.6). The di�eren
e between the valuein the 
enter of the peak and the average value of the two symmetri
ally positioned
hannels must be greater than the threshold. The peak is ignored otherwise.
yc −

1

2
(yc−1 + yc+1) ≥ threshold (10.6)

Fig. 10.2: Sele
ted peaks using the TSpe
trum algorithm. Left : No threshold imposed. Right :Threshold imposed at 50 units. Figures are taken from [Morh�a�
 97a℄.10.5 Novel Cluster FinderAs stated before the new 
luster �nding method seeks for 
lusters both in p and nside, independently, seeking 768 strips per wafer, 16 wafers per side, 2 sides per ladder,and 20 ladders that build up the whole dete
tor. We 
onsider a 
luster if the 
entralstrip has rms ≤ 15. A gaussian �t is performed in the 
lusters of the strips withpredetermined values both in σ and mean value. In parti
ular, the demand of the �tvariables are listed below.i. The height of the �t should not ex
eed the value of the 
entral 
luster strip yc;



10.6 Comparison Methodology 183ii. the standard deviation should be inside the interval σ ∈ (0, 1/
√

12 ]�following the
onstant distribution�as stated Appendix C; andiii. the mean value of the �t x′c should be 
lose to the position of the 
entral strip ofea
h 
luster, meaning that |x′c − xc| ≃ 1�2 [strips].Having imposed the above �tting parameters, the 
luster is �tted and the gaussianintegral A along its error δA, in the area [x′− 3σ, x′ +3σ] is also being 
al
ulated. The
luster of strips is a

epted only if the (10.7) demand is ful�lled.
A

δA
≥ 5 (10.7)10.6 Comparison MethodologyIn order to obtain statisti
s, we performed the analysis on the following runs, by ex-amining the SSD hits obtained on an event-by-event basis using both methods. Inparti
ular the low luminosity run was used: 8120057 [DePhillips 07℄, for the 
urrent
omparison study. In Figure 10.3 it shown the �red strips of the wafer 14, ladder 01,both sides (p and n side). In the same Figure it is also presented the 
omparison of thetwo methods, running on the same wafer. The old method Se
tion 10.3 �nds one hitwhen at the same time the new 
luster �nder, des
ribed in Se
tion 10.5 �nds 3 hits.Let us also mention that this result is obtained with 1 event. In order to enhan
e thestatisti
s, the method is repeated over a total number of N = 10000 events 
ontainedin the above low luminosity run. The results obtained with both methods are dis
ussedin the Se
tion 10.7 and a graphi
al 
omparison 
an be found in Figure 10.4.10.7 Dis
ussionBy applying both methods, namely the Standard Cluster Finder (
f. Se
tion 10.3) andthe novel method involving the TSpe
trum (
f. Se
tion 10.5), we obtained the resultsover 103 events from the low luminosity run 8120057 during the Au+Au at √

snn =
200 GeV. In Figure 10.4 it is shown the 
orrelation between the 
lusters found byboth methods. By performing a linear �t y = ax on the s
atter plot, we obtain theresult that the 
lusters found with the novel method. Sin
e the two SSD sides (p and
n), exhibit di�erent signal-to-noise ratio (Appendix F), we 
an separate the sides andperform a �t on the s
atter plot of the 
lusters found by the two di�erent methods.In addition the red line shows the 
ase where the slope is equal to unity y = x. Theresult of the �t is that the new method �nds approximately 43% more 
lusters thanthe old method for the n-side and 51% for the p-side. Of 
ourse the 
urrent 
omparisonstudy is performed on the raw hits re
orded by the dete
tor and not by the hits that
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(f)Fig. 10.3: Fired SSD strips for wafer 14, ladder 01, sides p and n. for 1 event taken from the run8120057. Left : p-side. Right : n-side. Upper : The signal of ea
h strip (green) along withthe noise (bla
k) error bars, are drawn. Middle: Cluster found by SCF (
)�(d), markedin blue star. Bottom: Plots (e)�(f), Novel Cluster Finder results, depi
ting the peaksfound with TSpe
trum (red), passing partial requirements (blue) and the sele
ted ones(bla
k 
ir
les along the x axis).



10.7 Dis
ussion 185are 
ombined with the rest of the dete
tor tra
king, su
h as the TPC and SVT. In thefuture plans it is in
luded the analysis with the Monte Carlo and the re-produ
tion ofa portion of the Au+Au (run VII) dataset with the Novel Cluster Finder.
!

Fig. 10.4: Correlation of the number of the 
lusters obtained by both methods. Along with alinear �t (blue). The red line indi
ates the linear fun
tion with slope=1. Upper : p-side.Lower : n-side. The �tting result yields approximately 43% more 
lusters than the oldmethod for the n-side and 51% for the p-side.
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Chapter 11Con
lusionOne of the most important �ndings of the experiments at RHIC is the dis
overy ofanomalous quen
hing of jets when passing through the dense and hot matter buildin nu
leus nu
leus 
ollisions. This quen
hing is expe
ted indeed from the theory todepend on the mass of the quark that pass through the medium, and in parti
ular it isexpe
ted less quen
hing for heavier masses. The jet quen
hing 
an o�er a measure forthe gluon density of the partoni
 medium traversed by the quark. In order to extra
tthis density the model expe
tation must be well understood and to be 
ompared todi�erent data leading to a 
oherent pi
ture. An important way to 
ompare model anddata is to investigate the dependen
e of the jet quen
hing on the quark masses in thedata and perform a 
omparison to the theory.The heavy quarks (
harm and beauty together) when measured through the non-photoni
 ele
tron yields in heavy ion rea
tions at √
snn = 200 GeV at RHIC, ex-hibit a larger suppression than the one expe
ted from the theoreti
al 
onsiderations[Dokshitzer 01, Djordjevi
 05℄. In order to 
omprehend this puzzle and to understandbetter the �avor dependen
e of the jet quen
hing, the separation of 
harm and beauty
ontributions as well as the measurement of their quen
hing is ne
essary. Next tothe dire
t measurement of the 
harm, the STAR experiment is 
urrently utilizing twomethods that 
an allow the disentaglement of 
harm and beauty. In parti
ular:i. The ele
tron-hadron (e�h); andii. the e�D0 azimuthal angular 
orrelations.In the 
urrent work the mi
rovertexing te
hniques have been developed and havebeen applied to the datasets from Cu+Cu and Au+Au 
ollisions at √snn = 200 GeV,in order to extra
t the D0 signal through the re
onstru
tion of its se
ondary de
ayvertex. Furthermore, an analysis of the e�D0 azimuthal angular 
orrelations in thedatasets su
h as Cu+Cu and Au+Au 
ollisions at √snn = 200 GeV has been performed187



188 11. Con
lusionusing the above mentioned mi
rovertexing te
hniques. Con
erning the se
ondary vertexre
onstru
tion of the hadroni
 de
ay D0 → K−π+, the mi
rovertexing te
hniques havebeen tested and quality assured by performing a Monte Carlo (MC) 
omparison withreal data (Au+Au at √
snn = 200 GeV). In parti
ular, the study of the signi�
an
eof the D0 signal as a fun
tion of several 
uts on mi
rovertexing variables, has beenperformed utilizing the signal extra
ted from the MC data sample and the ba
kgroundfrom the real data. The study on the MC sample, leads to the optimization of the 
utsand the de�nition of several 
ut sets whi
h are applied to the data.The resolution of the STAR dete
tor in
luding all sili
on dete
tors (SVT+SSD), isapproximately 250�300µm for the distan
e of 
losest approa
h to the primary vertex(DCA) of the tra
ks, and therefore larger than the mean de
ay length�in the labframe: βγcτ�of the D0 of ∼ 70µm for the mean momentum of the D0 in the examined
ollisions (while cτ = 120µm). Despite the above statement, it has been shown thatthe signal to ba
kground ratio for the D0 → K−π+ de
ay, is in
reased without losingsigni�
ant portion of the signal for the parti
ular 
uts. For example 
uts on the D0de
ay length, the DCA of the D0 to the primary vertex as well as the DCA of the de
aydaughters to the primary vertex, both in the transverse (DCAxy) and longitudinal(DCAz) 
omponents.As a result, we observe a D0 signal of signi�
an
e S√

S+B
= 3.71 in a data sampleof 2.5·106 Au+Au events that were 
olle
ted after passing the minimum bias trigger,demanding at least one hit in the sili
on dete
tors (SVT+SSD) and implementing themi
rovertexing 
uts in order to redu
e the ba
kground. The signi�
an
e is found toin
rease as expe
ted for the real signal with the number of events. Let us also notethat in the minimum biased events, no ele
tron (trigger parti
le) has been required tobe present.On the other hand, in datasets su
h as the Cu+Cu and Au+Au, events with a hightransverse momentum (pt) trigger parti
le (e±) have been sele
ted by the online BarrelEle
tromagneti
 Calorimeter (BEMC) trigger (namely High Tower and Btag triggersfor the Cu+Cu and Au+Au datasets, respe
tively). We have used the ele
tromag-neti
 
alorimeter of STAR to identify the ele
trons and to reje
t a large part of thephotoni
 ba
kground 
oming from the neutral meson de
ays (su
h as π0 and η) aswell as photon 
onversion γ → e−e+ in the material (hen
e the term photoni
). The

D0 invariant mass peak is then re
onstru
ted by the implementation of the se
ondaryvertex re
onstru
tion and by the appli
ation of the 
uts that were mentioned above.After the identi�
ation of the ele
tron e and the D0 
andidate (in the form of a Kπpair), we apply 
uts on the relative azimuthal angle (∆φ) of the ele
tron and the D0
andidates found. In parti
ular, for the ele
trons with the same sign as the daughter
K 
oming from the de
ay of the D0 a relative azimuthal angle di�eren
e of ∆φ ≃ 0 isexpe
ted mainly from the beauty (bb̄) dire
t produ
tion; when
e a relative azimuthalangle di�eren
e around ∆φ ≃ π is expe
ted from the 
harm (cc̄) dire
t produ
tion.



11. Con
lusion 189As a result we have observed the D0 signals 
orrelated with a high-pt ele
tronfound in these events whi
h exhibit a signi�
an
e up to S√
S+B

= 2.2. The numberof the Btag events in the Au+Au 
ollisions at √
snn = 200 GeV examined is about1.5·106 events. After the applied event 
uts, the number of the events analyzed in theAu+Au 
ollisions (Btag trigger) is ∼ 90000, while the same number is ∼ 26000 forthe Cu+Cu 
ollisions (High Tower triggered dataset). As a 
onsequen
e, the samplewith the tagged ele
trons is mu
h smaller than the Au+Au events 
olle
ted with theminimum bias trigger. In addition to this, the Au+Au minimum bias data sample issuperior when 
ompared to the Cu+Cu data sample as far as the a

eptan
e of theBEMC is 
on
erned. In parti
ular, during the Cu+Cu data, only half of the BEMCwas installed, (pseudorapidity a

eptan
e: 0 < η < 1), as opposed to the Au+Au fulla

eptan
e (−1 ≤ η ≤ +1).Several sets of 
uts have been investigated and we have observed the D0 signalswhi
h are 
andidates for the dire
t 
harm and beauty produ
tion. For example theobserved D0 signal appears for the relative azimuthal angles of the ∆φ = π betweenthe e and the D0 for the like sign (LS) ele
tron and kaon, in whi
h the dire
t 
harmprodu
tion (cc̄) is expe
ted to be the main sour
e as shown in the Cu+Cu analysisdataset. For the Au+Au dataset sample, we have presented results exhibiting a D0signal appearing for the relative azimuthal angles of ∆φ = 0 between e± and D0/D̄0. Inthe latter 
ase for the unlike sign (ULS) ele
tron and kaon, the dire
t beauty produ
tion(bb̄) is 
onsidered to be responsible. Further analysis on those signals is needed with theuse of 
orre
tions estimated with Monte Carlo D0 embedded in real Au+Au events,whi
h are at the moment∗ under quality assuran
e in STAR and will be very soonready to use. The embedding will allow the D0 signals observed in the Au+Au eventsto be 
orre
ted for the a

eptan
e and e�
ien
y losses and an estimation of the 
rossse
tions to be performed as well.The results obtained in the 
urrent analysis of Cu+Cu and Au+Au 
ollisions withthe mi
rovertexing methods were possible due to the ex
ellent performan
e of the Sili-
on Strip Dete
tor (SSD) of STAR, without whi
h no reliable Sili
on Vertex Tra
ker hitre
onstru
tion is possible, due to the large number of ghosts. In the 
urrent work, wehave furthermore analyzed the e�D0 azimuthal angular distributions in p+p 
ollisionsat √s = 200 GeV. We have observed the D0 signal for both the 
harm and the beauty,as it was expe
ted in the azimuthal 
orrelations with the ele
trons. These results 
on-tribute to earlier analyses of the e�D0 azimuthal angular distributions in p+p 
ollisionsat √s = 200 GeV in whi
h it has been found that the beauty 
ontribution in
reaseswith the pt and be
omes 
omparable to the 
harm 
ontribution around pt ∼5.5 GeV/c.The beauty 
ontribution is found to be 
ompatible to FONLL 
al
ulations within theun
ertainties. This is an important feature for the 
omprehension of the jet quen
hingin heavy ion 
ollisions and in parti
ular it demonstrates that the jet quen
hing puzzle

∗As of April 11, 2011.



190 11. Con
lusionin heavy ion data, 
annot be linked to an absen
e of a large beauty 
ontribution inp+p data in that transverse momentum (pt) range.Con
erning the te
hni
al part of the 
urrent work, it is dedi
ated to a new peak�nding method for the Sili
on Strip Dete
tor (SSD) in
luding the TSpe
trum ROOTClass. In parti
ular the novel method, seeks for 
lusters in both sides (p and n) of thedete
tor without the demand for 
harge 
orrelation and is using a di�erent peak �ndermethod than previously. A preliminary result of this new method is that about 40%more signal peaks are found with this method as 
ompared to the previous one. Thisstudy is performed using data from run Au+Au at √
snn = 200 GeV (run VII). Thenew method 
an be used to reprodu
e the already taken data and is of great relevan
efor the future Heavy Flavor Tra
ker, in whi
h the third layer will be the SSD.From the 2009�2010 run of STAR the full TOF dete
tor installation was a
hieved�rst time in STAR and will allow the better parti
le identi�
ation from whi
h 
harmand beauty sear
hes will be bene�ted 
onsiderably. In addition to this, the futureSTAR Heavy Flavor Tra
ker (HFT) [Bou
het 09℄, 
urrently under development is go-ing to improve signi�
antly the momentum resolution and will lead to a mu
h betterse
ondary vertex re
onstru
tion resolution as 
ompared to the 
urrent sili
on dete
torof STAR used in the present thesis, whi
h was not initially 
on
eived and optimizedfor heavy �avor studies.The ex
ellent 
apabilities of the SSD dete
tor proven in the present and other STARanalyses [Bou
het 07℄, lead to the in
lusion of the sili
on strip dete
tor of STAR in thefuture HFT. The future sili
on tra
ker is 
on
eived espe
ially in order to perform theappli
ation of the mi
rovertexing te
hniques for the 
harm and the beauty identi�
a-tion. The new developments a
hieved in this thesis, namely the su

essful appli
ationof the mi
rovertexing te
hniques in heavy ion environment, the extra
tion of the D0signal in heavy ion 
ollisions using su
h methods and the developments on a new peak�nder for the SSD dete
tor, demonstrate that 
harm and beauty measurements 
an beperformed in heavy ion 
ollisions despite the high tra
k density pushing to the limits ofthe present sili
on dete
tor of STAR to su

essfully perform physi
s beyond its initialdesign, and whi
h are of great relevan
e for the future HFT dete
tor.
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Appendix ARelativisti
 Cal
ulation
A.1 Rapidity Relation Between Two Referen
e FramesLet us 
onsider two inertial referen
e frames moving with velo
ity ~v with respe
t toea
h other. Let us also 
onsider a Lorentz boost parallel to the axis z, ~β = (0, 0, v

c
) .The relations between the 4-momenta 
omponents be
ome:

E ′ = γ(E − βpz)

p′x = px

p′y = py

p′z = γ(pz − βE) (A.1)We begin the proof by using y =
1

2
ln
E + pl
E − pl and 
onsidering y′ as the rapidity in themoving frame.Proof.

y′ =
1

2
ln
E ′ + p′z
E ′ − p′z

=
1

2
ln
γ(E − βpz) + γ(pz − βE)

γ(E − βpz) − γ(pz − βE)

=
1

2
ln

(E + pz)(1 − β)

(E − pz)(1 + β)

=
1

2
ln
E + pz

E − pz
+

1

2
ln

1 − β

1 + β
= y + ξ 193
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ulation
Therefore the distribution dN

dy
remains invariant between the relative inertial frames:

dN ′

dy
=
dN

dy
(A.2)A.2 The Case when y ≈ η.Let us begin the proof using the expression η = − ln tan

θ

2
. We shall also 
onsider the
ase that β → 1, therefore E ≃ p. Let us note that cos θ =
pz

p
and also the followingtrigonometri
 expressions:

1 + cos θ = 2 cos2 θ

2

1 − cos θ = 2 sin2 θ

2Proof.
y =

1

2
ln
E + pz

1 − pz

=
1

2
ln

1 + pz

E

1 − pz

E

≃ 1

2
ln

1 + pz

p

1 − pz

p

=
1

2
ln

1 + cos θ

1 − cos θ

=
1

2
ln

cos2 θ
2

sin2 θ
2

=
1

2
ln

1

tan2 θ
2

= − ln tan
θ

2
= η



The Gottfried-Ja
kson Referen
e Frame 195A.3 The angle θ∗The angle θ∗ is de�ned as the angle between the momentum of the parent parti
le inthe lab frame, and the momentum of the daughter parti
le in the CMS, as stated in(A.3) for the 
ase of the kaon. Let us 
onsider the Gottfried-Ja
kson referen
e frame.
cos θ∗K ≡ ~p ′

K · ~PD0

|~p ′
K ||~PD0|

(A.3)In the laboratory frame we measure only the ~p for the daughters and re
onstru
t theparent ~P . Con
erning the 
enter of mass system (CMS), the same daughter parti
lemomentum is denoted by p′ and the de
ay of D0 → K−π+ results for the de
ayparti
les to be emitted in a ba
k-to-ba
k orientation. By applying the inverse Lorentzboost des
ribed by (A.1) we 
an 
al
ulate the momentum of the daughter parti
le inthe CMS, e.g. ~p ′
K for the K 
andidate. Hen
e (A.3) 
an be re-written as (A.4).

cos θ∗K =
(~pK + ~βD0EK) · ~PD0

|~pK + ~βD0EK ||~PD0|

=
~pK · ~PD0 + P 2

D0

EK

E
D0

|~pK + ~βD0EK ||~PD0|
(A.4)

=
|~pK | cos θK + PD0

EK

E
D0

|~pK + ~βD0EK |

=
|~pK | cos θK + βD0EK

|~pK + ~βD0EK |Let us note that the angle θK is 
al
ulated in the lab frame as the angle between themomentum of the K and that of the D0 as des
ribed by (A.5).
cos θK =

~pK · ~pD0

|~pK ||~pD0| (A.5)Therefore (A.4), is transformed into (A.6).
cos θ∗K =

~pK ·~p
D0

|~p
D0 | + βD0EK

|~pK + ~βD0EK |
(A.6)Con
erning the 
al
ulation of the D0 energy, the mass is 
onsidered to be the invariantmass of the Kπ pair: MKπ as stated in (A.7).

MKπ =
√

EKEπ − ~pK · ~pπ (A.7)
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 Cal
ulationIn parti
ular the energy of the parent parti
le is given by (A.8).
ED0 =

√

(~pK + ~pπ)2 +M2
Kπ (A.8)On the other hand, for the 
al
ulation of the energy of the daughter K (and of the

π), the energy is 
al
ulated by using the nominal mass values of mK = 0.493 GeV/c2(mπ = 0.140 GeV/c2) and the (A.9).
EK,π =

√

p2
K,π +m2

K,π (A.9)A.4 Energy in the Center of Mass for Fixed Targetand Collider ExperimentsLet E1 be the energy of the beam of parti
les m1 that hit parti
les of mass m2 with
E2. The energy at the CMS 
an be 
al
ulated using the square of the 4 momenta, asexpressed below, in the laboratory frame.

pµpµ = E2tot − ~p 2tot
= (E1 + E2)

2 − (~p1 + ~p2)
2

= p2
1 +m2

1 + p2
2 +m2

2 + 2E1E2 − (p2
1 + p2

2 + 2~p1 · ~p2)

= m2
1 +m2

2 + 2(E1E2 − ~p1 · ~p2) (A.10)In the 
enter of mass the invariant mass is given by (A.11).
pµpµ = Ẽ2tot − ~̃p 2tot (A.11)Sin
e in the CMS the total momentum is |~ptot| = 0 then (A.11), is transformed into(A.12).

pµpµ = Ẽ2tot (A.12)Sin
e the quantity pµpµ is invariant, relations (A.12) and (A.10) are equal, yielding:
Ẽ2tot = m2

1 +m2
2 + 2(E1E2 − ~p1 · ~p2) (A.13)Furthermore we distinguish the two separate 
ases: for �xed target des
ribed in Se
-tion A.4.1 and 
ollider as des
ribed in Se
tion A.4.2.A.4.1 Fixed TargetFor the �xed target experiment, we 
an 
onsider that |~p2| = 0 yielding E2 = m2.Therefore, (A.13) is transformed into (A.14).

Ẽtot =
√

m2
1 +m2

2 + 2E1m2 (A.14)



Fixed Target and Collider Experiment Available √
s 197In the ultra-relativisti
 regime where E1 ≫ m1, m2 then the available energy (A.14),in the 
enter of mass (CMS) is a fun
tion of the square root of the 
olliding energybeam (√E1 ) for a given target mass m2.A.4.2 ColliderIn the 
ase of a 
ollider, there are two anti parallel beams of (E1, p1) and (E2, p2), with

~p1 ↑↓ ~p2. Therefore (A.13), be
omes (A.15).
Ẽtot =

√

2(E1E2 + |~p1||~p2|) +m2
1 +m2

2 (A.15)In the ultra-relativisti
 limit p→ E or equivalently m→ 0, yields (A.16).
Ẽtot =

√

4E1E2 (A.16)Finally in the 
ase of equal energy beams (E1 = E2 = E), the available energy Ẽtotis only a fun
tion of the 2E. As a graphi
al representation, Figure A.1 depi
ts both
ases (�xed target and 
ollider) 
on
erning the available energy at the CMS √
s asa fun
tion of the E. In Table A.1 the values of the energies are shown both for the
ollisional as well as �xed target experiments used in heavy-ion physi
s.
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Fig. A.1: Available energy at the CMS (√s ) as a fun
tion of the energy (E) of the in
ident beams,for the 
ollider E1 = E2 ≡ E (red line) and for �xed target (blue line) 
ases. Let us notethat in the latter 
ase the mass of the target is 
onsidered to be m2 = 50 GeV/c2, hen
ethe multipli
ation fa
tor.
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Tab. A.1: Chara
teristi
s of heavy ion a

elators. Available energy in the CMS per nu
leon pairis denoted by √
snn . Values are taken from [Auren
he 05℄.A

elerator Name AGS SPS RHIC LHCOperational year 1992 1994 2001 2010Sub
ategory �xed target �xed target 
ollider 
olliderCir
umferen
e [km] 0.8 7.0 4.6 27.0Colliding spe
ies Au+Au Pb+Pb Au+Au Pb+Pb

√
snn [GeV] 4.8 17.3 200 5500



Appendix BKinemati
s
B.1 Isotropi
 De
ayLet us 
onsider the angle of the emission of a parti
le between the momentum ofthe parti
le and a given ve
tor. By isotropi
 de
ay, we refer to the 
onstant angulardistribution of the parti
le emission in that frame, regardless of the position in spa
e,where the dete
tion takes pla
e. In parti
ular: dN

dΩ
= C, where C is a 
onstant and thesolid angle is de�ned as dΩ = dφ d(cos θ).

dN

dΩ
=

dN

dφd cos θ
=

dN

dφdθ

1
d cos θ

dθ

= − 1

sin θ

dN

dφdθ
∝ 1

sin θ

dN

dθyielding:
dN

dθ
∝ sin θ (B.1)Sin
e dN

dθ
= − dN

d cos θ
sin θ and using (B.1), yields dN

d cos θ
∝ M, with M a 
onstant.
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Fig. B.1: Distribution of the angle θ (left) and cos θ (right) for the 
ase of an isotropi
 de
ay.Plots 
reated using pseudo-random numbers.Therefore the isotropi
 de
ay distribution is �at in cos θ but not in θ as 
an be observedin Figure B.1. 199



200 Kinemati
sB.2 SagittaIn the transverse plane (r�φ) the tra
k of a 
harged parti
le, 
an be proje
ted as a
ir
ular ar
 under the in�uen
e of the magneti
 �eld Bz, as it is shown in Figure B.2.By sagitta we refer to the depth of an ar
 given by (B.2).
s = r −

√
r2 − l2 (B.2)The transverse momentum of a tra
k 
an be related to the sagitta as des
ribed in

Fig. B.2: Cartoon depi
ting the sagitta (s) of a tra
k, the half length of the base of the ar
 (l)and the radius of the 
ir
le (r). Figure is taken from [Wiso 10℄.the following lines. In parti
ular, let us 
onsider the pt 
al
ulation given by (2.2) andthat all the tra
ks are 
harged with ±|qe|. Putting all these together, the value of thesagitta s [m] is given by (B.3).
s =

1

λ

[

pt − √

p2t − (λl)2
] (B.3)where pt is measured in units of [GeV/c]. In the 
ase of the magneti
 �eld Bz = 0.5 T�like in STAR dete
tor�and for a positive 
harged tra
k (+qe), this 
onstant has valueof λ = 0.15 GeV/m. Additionally, in Figure B.3, the distribution of the sagitta s forthe di�erent transverse lengths l as a fun
tion of the pt of the tra
k is depi
ted, havingbeen 
al
ulated by (B.3). In Table B.1 the values of the sagitta s are summarized forvarious pt and transverse tra
k lengths l values.
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Fig. B.3: Plots of the sagitta s as a fun
tion of the transverse momentum pt and for the di�er-ent transverse tra
k lengths l: 180 cm (blue), 130 cm (red), 90 cm (green), and 50 cm (magenta). Cal
ulated by (B.3). The magneti
 �eld is 
onsidered to be Bz = 0.5 T.Tab. B.1: Sagitta s values of the tra
ks as a fun
tion of the radius r, the transverse momentum
pt and the 
urvature κ, for the magneti
 �eld of 0.5 T. Also the ratio s/r is given in [%].The transverse tra
k length l is 
onsidered to be �xed at 180 cm.

pt [GeV/c] s [cm] r [cm] κ [cm−1] s/r [%]0.61 42 407 0.00246 10.310.72 35 480 0.00208 7.290.99 25 660 0.00151 3.781.23 20 820 0.00121 2.431.36 18 909 0.00110 1.981.53 16 1020 0.00097 1.563.04 8 2029 0.00049 0.396.08 4 4052 0.00024 0.098.10 3 5402 0.00018 0.0511.0 2 7333 0.00013 0.0002
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Appendix CStatisti
s
C.1 The Uniform DistributionLet us 
onsider the 
ase where the variable x is equally distributed, among the interval
[a, b], following the uniform distribution. The probability density fun
tion f(x) is givenby (C.1).

f(x) =

{

K, a ≤ x ≤ b
0, otherwise (C.1)let be K a 
onstant. The normalization of the fun
tion f(x) imposes that

∫ b

a

dxf(x) = 1 (C.2)yielding
K =

1

b− a
(C.3)The mean value is given by (C.4)

〈x〉 ≡
∫ b

a

dx xf(x) (C.4)or equivalently
〈x〉 = Kx

2

2

∣

∣

∣

∣

b

a

=
1

b− a

b2 − a2

2
=
b+ a

2
(C.5)In order to 
al
ulate the varian
e given by (C.6)

σ2 = 〈x2〉 − 〈x〉2 (C.6)203



204 Statisti
s�rst we have to 
al
ulate the quantity
〈x2〉 =

∫ b

a

dx x2f(x) (C.7)therefore
〈x2〉 = Kx

3

3

∣

∣

∣

∣

b

a

=
1

b− a

b3 − a3

3
=

1

3
(a2 + ab+ b2) (C.8)The varian
e then be
omes:

σ2 =
1

3
(a2 + ab+ b2) − (b+ a)2

4
=

1

12
(a− b)2 (C.9)Finally a

epting the non negative roots of (C.9), the standard deviation is given by(C.10).

σ =
|a− b|√

12
(C.10)For the 
ase where a = 0, b = 1, 〈x〉 = 0.5 and σ =

1√
12

as it is graphi
ally depi
tedin Figure C.1.
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Fig. C.1: Constant distribution of pseudo-random number within the interval [0,+1℄. The meanvalue is 〈x〉 = 0.5 and the standard deviation σ = 1

12
≃ 0.288.



Appendix DHelix
D.1 Helix ParameterizationThe traje
tory of a 
harged parti
le in a stati
 uniform magneti
 �eld with ~B =
(0, 0, Bz) is a helix. In prin
iple �ve parameters are needed to de�ne su
h a he-lix [van Buren 06℄. From the various possible parameterizations we des
ribe here theversion whi
h is well suited for the geometry of a 
ollider experiment and thereforeused for the implementation of the StHelix 
lass. This parameterization des
ribes thehelix in Cartesian 
oordinates, where x, y and z are expressed as fun
tions of the tra
klength (s). In parti
ular it is de�ned:

x(s) = x0 +
1

κ
[cos(Φ0 + h s κ cos λ) − cos Φ0] (D.1)

y(s) = y0 +
1

κ
[sin(Φ0 + h s κ cosλ) − sin Φ0] (D.2)

z(s) = z0 + s sin λ (D.3)The following variables are also de�ned and will be used from now on:
s is the path length along the helix;
x0, y0, z0 is the starting point at s = s0 = 0;
λ is the dip angle;
κ is the 
urvature, i.e. κ = 1/R;
B is the z 
omponent of the homogeneous magneti
 �eld B = (0, 0, Bz);
q is 
harge of the parti
le in units of positron 
harge;205



206 Helix
h is the sense of rotation of the proje
ted helix on the transverse (xy) plane takinginto a

ount the 
harge q and the magneti
 �eld B, i.e. h = −sgn(q ·B) = ±1;
Φ0 is the azimuth angle of the starting point (in 
ylindri
al 
oordinates) with respe
tto the helix axis: Φ0 = Ψ − hπ/2 ; and
Ψ is the arctan

dy

dx

∣

∣

∣

∣

s=0

, i.e. the azimuthal angle of the tra
k dire
tion at the startingpoint.The meaning of the di�erent parameters is visualized in Figure D.1.
0 0(x  , y )

Φ0

iy

x

Ψ
R

s > 0

s < 0cc(x , y )

(x , y )i

xy

z0 p
t

pz

z

λ

p

sFig. D.1: Helix parameterization. Left : Proje
tion of a helix on the xy-plane. The 
rosses markpossible data points. Right : Proje
tion of a helix on the sz-plane.D.2 Cal
ulation of the Parti
le MomentumThe 
ir
le �t in the xy-plane gives the 
enter of the �tted 
ir
le (xc, yc) and the 
ur-vature κ = 1/R while the linear �t gives the values of z0 and tanλ. The phase of thehelix (
f. Figure D.1) is de�ned as follows:
Φ0 = arctan

y0 − yc

x0 − xc
(D.4)The referen
e point (x0, y0) is then 
al
ulated as follows:

x0 = xc +
cos Φ0

κ
(D.5)

y0 = yc +
sin Φ0

κ
(D.6)
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e Measurement Between a Point and a Helix 207and the helix parameters 
an be evaluated as:
Ψ = Φ0 + hπ/2 (D.7)
p⊥ = c q B/κ (D.8)
pz = p⊥ tanλ (D.9)
p =

√

p2
⊥ + p2

z (D.10)where κ is the 
urvature in [m−1℄, B the value of the magneti
 �eld in [T℄, c the speedof light in [m/ns℄ (≈ 0.3) and p⊥ and pz are the transverse and longitudinal momentumin [GeV/c].D.3 Distan
e Measurement Between a Point and aHelixThe minimal squared distan
eMi between a helix and a point i with position (xi, yi, zi)is given by
Mi = M

(xy)
i +M

(z)
i (D.11)

Mi = [xi − x(s′)]2 + [yi − y(s′)]2 + [zi − z(s′)]2 (D.12)In literature one �nds the following approa
h to solve this problem analyti
ally bynegle
ting M (z)
i in the derivatives.

dMxy
i

ds
= 0 (D.13)This formula 
an only serve to derive an approximation for the real distan
e. For largedip angles the errors be
ome large depending also on the a
tual helix parameters. Theadvantage is that s′ 
an be 
al
ulated analyti
ally:

s′ =
1

hκ cosλ
arctan

(yi − y0) cos Φ0 − (xi − x0) sin Φ0

1/κ+ (xi − x0) cosΦ0 + (yi − y0) sin Φ0
(D.14)Note, that this formula 
an not be used to derive the distan
e of 
losest approa
h toa point. In order to derive the distan
e of 
losest approa
h the following equation hasto be solved:

dMi

ds
= 0 (D.15)



208 Helixwhi
h 
an be written as
2

(

xi − x0 −
cos(Φ0 + hsκ cosλ) − cos Φ0

κ

)

sin(Φ0 + hsκ cosλ) h cosλ−

2

(

yi − y0 −
sin(Φ0 + hsκ cosλ) − sin Φ0

κ

)

cos(Φ0 + hsκ cos λ) h cosλ−

2 (zi − z0 − s sinλ) sinλ = 0 (D.16)The root of (D.16) 
an easily be found with the Newton or regula falsi method with s′from (D.14) as starting value. For the Newton method the se
ond derivative is neededas well.
d2Mi

ds2
= 0 (D.17)whi
h is

2 (sin(Φ0 + hsκ cosλ))2 h2 cos2 λ+

2

(

xi − x0 −
cos(Φ0 + hsκ cosλ) − cos Φ0

κ

)

cos(Φ0 + hsκ cos λ)h2κ cos2 λ+

2 (cos(Φ0 + hsκ cosλ))2 h2 cos2 λ+

2

(

yi − y0 −
sin(Φ0 + hsκ cosλ) − sin Φ0

κ

)

sin(Φ0 + hsκ cosλ)h2κ cos2 λ+

2 sin2 λ = 0 (D.18)D.4 Distan
e of Closest Approa
h Between Two He-li
esThe 
losest distan
e between two heli
es H1 and H2 is a problem whi
h again 
an besolved analyti
ally only in 2 dimensions, i.e. in the xy-plane, (
f. Figure D.2). Thesolution in 3 dimensions 
annot even be solved by standard numeri
al methods (as theNewton method) but requires a more sophisti
ated method sin
e we have to �nd 2unknown parameters, namely the s1 and s2 in
d2M(s1, s2)

ds1ds2
= 0 (D.19)where M is the distan
e between the two heli
es at s1 and s2.
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Fig. D.2: Cartoon of the two interse
ting heli
es in the transverse (xy) plane.D.4.1 In the Transverse PlaneGiven two heli
es with radii R1 and R2 and 
enters in the xy plane O1 = (xc1 , yc1) and
O2 = (xc2, yc2) we have to �nd the ve
tor ~a as depi
ted in Figure D.2. The angle α 
anbe therefore 
al
ulated as:

cosα =
R2

1 + |~r|2 − R2
2

2R1|~r|
(D.20)where ~r is the ve
tor between the two 
enters. The absolute 
oordinates of one inter-se
tion point (measured from o1) 
an be obtained by 
al
ulating ve
tor ~a and adding

o1.
xi = xc1 +R1[(xc2 − xc1) cosα− (yc2 − yc1) sinα]/|~r| (D.21)
yi = yc1 +R1[(xc2 − xc1) sinα + (yc2 − yc1) cosα]/|~r| (D.22)If cosα = 1 we have only one solution. For the 
ase where cosα < 1, we get two validinterse
tion points (xi, yi) and (xj , yj) where the latter is simply given by:
xj = xc1 +R1[(xc2 − xc1) cosα + (yc2 − yc1) sinα]/|~r|; (D.23)
yj = yc1 +R1[(yc2 − yc1) cosα− (xc2 − xc1) sinα]/|~r|; (D.24)



210 HelixIn the 
ase of cosα > 1, the 
ir
les do not interse
t. Therefore the distan
e of 
losestapproa
h is simply given by the interse
tion of a line between the two 
enters and thetwo heli
es. Consequently, for the helix H1 we get:
x = xc1 +R1(xc2 − xc1)/|~r|; (D.25)
y = yc1 +R1(yc2 − yc1)/|~r|; (D.26)D.4.2 In 3 DimensionsUsually an iteration method is applied whi
h uses the interse
tion points in the xy-plane as start values. Care has to be taken if both heli
es have di�erent dip angle λsin
e the start values then signi�
antly deviate from the a
tual solution.D.5 Interse
tion with a Cylinder (ρ=
onst)In order to obtain the path length s at whi
h the helix interse
ts with a 
ylinder ofgiven radius ρ we have to solve the following equation:

ρ2 = x(s)2 + y(s)2 (D.27)Using (D.1) and (D.2) we obtain the two analyti
 solutions for s1 and s2:
s1/2 = −

(

Φ0 + 2 arctan
[{

2 y0 κ− 2 sin Φ0 ±
(

−κ2
(

−4 ρ2 + 4 y0
2 − 2 ρ2κ2x2

0−
2 ρ2κ2y0

2 + 2 x0
2κ2y0

2 + ρ4κ2 + x0
4κ2 + y0

4κ2 − 4 x0
3κ cos Φ0+

4 x0
2 cos2 Φ0 − 4 y0

2 cos2 Φ0 − 4 y0
3κ sin Φ0 + 4 ρ2κ x0 cos Φ0+

4 ρ2κ y0 sin Φ0 − 4 x0
2κ y0 sin Φ0 − 4 y0

2κ x0 cos Φ0+

8 x0 cos Φ0 y0 sin Φ0)]
1/2

}

/ (D.28)
(

−ρ2κ2 + 2 + x0
2κ2 + 2 cos Φ0 + y0

2κ2−
2 x0 κ− 2 x0 κ cos Φ0 − 2 y0 κ sin Φ0)])h

−1κ−1 (cosλ)−1D.6 Interse
tion with a PlaneAny plane 
an be des
ribed by its normal ve
tor ~n (orientation) and an arbitrary pointin this plane ~r (position). The ve
tor ~p whi
h des
ribes the interse
tion point mustful�ll:
~p · ~n = 0. (D.29)Hen
e:

(~a− ~r) · ~n = 0. (D.30)
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n

o
s = 0

p

s’
a

r

Fig. D.3: Sket
h depi
ting the interse
tion of a helix with a plane.where ~a is given by ~a = (x(s′), y(s′), z(s′)) as des
ribed in (D.1)�(D.3). In orderto obtain the path length s′ where the helix interse
ts with the plane the followingequation has to be solved:
x(s)nx + y(s)ny + z(s)nz − ~r · ~n =

A+ nx cosS + ny sinS + κsnz sin λ = 0 (D.31)where:
A = κ(~o · ~n− ~r · ~n) − nx cos Φ0 − ny sin Φ0 (D.32)
S = hsκ cosλ+ Φ0 (D.33)The root of (D.31) 
an now easily be determined by a suitable numeri
al method(Newton).D.7 LimitationsThe only non-numeri
al limitations of this parameterization are:

− π/2 < λ < π/2 (D.34)
κ > 0 (D.35)D.8 The Case of the Absen
e of the Magneti
 FieldFor the spe
ial 
ase B = 0 the traje
tory be
omes a straight line, i.e. κ = 0 and R = ∞.Care must be taken in the numeri
al 
al
ulation of the parameterization be
ause of



212 Helixthe singularity in (D.1) and (D.2). The 
orre
t form is:
x(s) = x0 − sh cosλ sin Φ0 (D.36)
y(s) = y0 + sh cosλ cos Φ0 (D.37)
z(s) = z0 + s sinλ (D.38)Important: For B = 0 the sense of rotation is ill de�ned. All what matters is that

Φ0 = Ψ − hπ/2 is done 
orre
tly, i.e. with the same arbitrary h. In the following weassume h = +1 for 
onvenien
e then (D.14) reads as:
s′ =

1

cosλ
[(yi − y0) cos Φ0 − (xi − x0) sinΦ0] (D.39)Finally (D.16) 
an now be solved analyti
ally.

dMd
a
i

ds
= 0 (D.40)yielding

sd
a = cos λ cosΦ0(yi − y0) − cosλ sin Φ0(xi − x0) + sinλ(zi − z0) (D.41)The solution for the interse
tion with a 
ylinder (D.28) now reads:
s1/2 = cos2 λ{x0 cosλ sin Φ0 − y0 cosλ cos Φ0 ±

[− cos2 λ(2x0 cos Φ0y0 sin Φ0 − ρ2 + y2
0 − y2

0

cos2 Φ0 + x2
0 cos2 Φ0)]

1/2} (D.42)The same holds for the interse
tion of a helix with a plane where in the 
ase of zero
urvature, (D.31) 
an then be solved analyti
ally.
s′ =

~r · ~n− ~o · ~n
−nx cosλ sin Φ0 + ny cos λ cosΦ0 + nz sinλ

(D.43)



Appendix EPrimary and Global Tra
ks
E.1 Tra
k FittingIn the xy plane the helix proje
tion is represented by an ar
 of a 
ir
le. In any of theplanes parallel to the z-axis, the tra
k traje
tory is a se
tion of a sinusoidal 
urve. Ahigh pt tra
k (e.g. for pt > 3 GeV/c) has a relatively small 
urvature (Appendix B.2).Tra
ks with lower pt (whi
h are a majority of those seen in STAR) are visibly 
urved.At this point the tra
ks found by the tra
king algorithm (all 
alled global tra
ks, asno information other than their TPC hits is used in the tra
k �nding). The tra
ks arere�tted using a Kalman �lter algorithm [Lisa 96℄. The tra
k passes through the Kalman�lter three times. In the �rst pass, the 
al
ulation of the proximity of the points tothe �tted 
urve is performed. On the se
ond pass, all the distortions due to the �eldnon-uniformities, the average energy loss and the multiple s
attering of the ele
tronsin the material are taken into a

ount. Finally, on the third pass of the �tter, the tra
kis smoothed and the �t is used to 
al
ulate the optimal parti
le traje
tory. This meansthat the tra
k's �t points in
lude an extra hit, the primary vertex. In addition, theSTAR software labels the tra
k as primary if the distan
e of 
losest approa
h (DCA) ofthe tra
ks to the primary vertex is less than DCA<3 cm. The main di�eren
e betweenglobal and primary tra
ks is the usage of primary vertex as measurement in the tra
kparameter �t. The global tra
ks don't use the vertex position in �t [Pruneau 03℄.
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Appendix FSSD p and n Side
F.1 Introdu
tionWe present the results of signal and noise for a given ladder and the set of wafers for theSSD of the low multipli
ity run 8120057 of Au+Au at √snn = 200 GeV. A des
riptionof the dete
tor 
an be found at Se
tion 2.10. We examine 1000 events and the dete
torraw hits plot 
an be seen in Figure F.1 both in three dimensions (3D, STAR Global
oordinates) and beam view (2D).
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Fig. F.1: 3D (left) and 2D (right) depi
tion of SSD raw hits in global STAR 
oordinates
{xg, yg, zg} and for 1000 events of run 8120057 of Au+Au at √snn = 200 GeV.F.2 Signal and Noise vs. the Strip Number for theSele
ted WafersCon
erning the 
ase of ladder 03, both sides (n and p) and for the wafers: {5, 6, 8, 9 and 10}the signal of ea
h strip (in ADC units) is depi
ted in Figure F.2 (in green dots) along215



216 SSD p and n Sidewith the noise (in bla
k errors bars).
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Fig. F.2: Fired strips (green) along with noise for every strip (bla
k errors bars), for ladder 3 andwafers: {5, 6, 8, 9 and 10}, for the p (left) and n (right) side. Data is taken from 1 eventof the low luminosity run 8120057, Au+Au at √snn = 200 GeV (run VII).



Noise Distribution for the Sele
ted Wafers 217F.3 Noise Distribution for the Sele
ted WafersFor the total of 1000 events 
olle
ted during run 8120057, we present the noise distri-bution for the 5,6,8,9 and 10 wafers of ladder 3 in Figures F.3.
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Fig. F.3: Overall noise distribution for wafers {5, 6, 8, 9 and 10} belonging to ladder 3, for both sides
p (left) and n (right). The n side exhibits more noisy behavior 
ompared to the p side. Thedata is 
olle
ted from 1000 events of the low luminosity run 8120057, Au+Au at √snn =
200 GeV (run VII).
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Glossary
AGS Alternate Gradient Syn
hrotron (at BNL)ALICE A Large Ion Collider Experiment (at CERN)ATR AGS to RHICBBC Beam Beam CountersBEMC Barrel Ele
tromagneti
 CalorimeterBNL Brookhaven National LaboratoryBPRS Barrel Pre Shower Dete
torBR Bran
hing RatioBRAHMS Broad Range Hadron Magneti
 Spe
trometer (at BNL)Bremsstrahlung Emission of radiation due to the a

eleration of 
harged parti
lesBSMD Barrel Shower Maximum Dete
torCERN Centre Europ�een pour la Re
her
he Nu
l�eaire�European Organisation for Nu-
lear Resear
hCMOS Complementary Metal Oxide Semi
ondu
torCMS Center of Mass SystemCOSTAR Control for STAR�Monitors the low and high voltage of the SSDCTB Central Trigger BarrelDAQ Data A
quisition 223



224 GLOSSARYDC Drift ChamberDCA Distan
e of Closest Approa
hDESY Deuts
hes Elektronen Syn
hrotron�German Ele
tron Syn
hrotronEBIS Ele
tron Beam Ion Sour
eEEMC End
ap Ele
tromagneti
 CalorimeterEPRS End
ap Pre Shower Dete
torESMD End
ap Shower Maximum Dete
torFEE Front End Ele
troni
sFGT Forward GEM Tra
kerFMS Forward Meson Spe
trometerFONLL Fixed Order Next to Leading LogFTPC Forward Time Proje
tion ChamberGEANT Geometry and Tra
king�Dete
tor des
ription and simulation toolGEM Gas Ele
tron MultiplierGluons Ex
hange parti
les that 
arry the strong for
e between the nu
lear 
onstituentsGSI Gesells
haft f�ur S
hwerionenfors
hung�Heavy ion resear
h 
enterHBT Hanbury-Brown and Twiss (used for parti
le 
orrelation fun
tion)HFT Heavy Flavor Tra
kerIEEE Institute of Ele
tri
al and Ele
troni
s EngineersIST Intermediate Strip Tra
kerITTF Integrated Tra
ker Tast For
eLHC Large Hadron Collider (at CERN)LINAC Linear A

eleratorLoopers Low-momentum 
harged parti
les that 
url inside the volume of the TPC



GLOSSARY 225LS Like Sign (for parti
le pairs)MARS Modular Array for RHIC spe
tros
opy (at BNL)MCS Multiple Coulomb S
atteringMi
ro Vertexing Method for the 
al
ulation of the position of the se
ondary vertexMINUIT A physi
s analysis tool for fun
tion minimizationMIP Minimum Ionizing Parti
leMRPC Multi Resistive Plate ChamberMRS Mid Rapidity Spe
trometerMTD Muon Teles
ope Dete
torMWPC Multi Wire Proportional ChamberNIM Nu
lear Instruments and MethodsNLO Next to Leading OrderNMF Nu
lear Modi�
ation Fa
torNPE Non Photoni
 Ele
tronsP-10 Gas mixture of Ar and CH4 in a 90 : 10 proportion used in the STAR TPCPartons A quark or a gluon inside the hadronPDG Parti
le Data GroupPHENIX Pioneering High Energy Nu
lear Intera
tion Experiment (at BNL)PID Parti
le Identi�
ationPit
h The distan
e between two 
onse
utive dete
tion modulesPMD Photon Multipli
ity Dete
torPMT Photo Multipliers TubesPPV Proton Proton VertexPRS Pre Shower Dete
tor
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s Working GroupPYTHIA Simulation program for the generation of high-energy physi
s eventsQA Quality Assuran
eQCD Quantum Chromodynami
sQGP Quark Gluon PlasmaQuarks Elementary 
onstituents of nu
lear matterRDO Read Out (for boards)RHIC Relativisti
 Heavy Ion Collider (at BNL)RICH Ring Imaging Cherenkov (Dete
tor)ROOT An obje
t oriented framework for large s
ale data analysisSIS S
hwerionensyn
hrotron (at GSI)SMD Shower Maximum Dete
torSPS Super Proton Syn
hrotron (at CERN)SSD Sili
on Strip Dete
torSTAR Solenoid Tra
ker at RHIC (at BNL)STARSIM Dedi
ated Simulation Pa
kage for the STAR experimentSVT Sili
on Vertex Tra
kerTOF Time of FlightTPC Time Proje
tion ChamberULS Unlike Sign (for parti
le pairs)VPD Vertex Position Dete
torWLS Wave Length Shifting (for �ber)ZDC Zero Degree CalorimeterZero Suppression Subtra
tion of the pedestal from the signal
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